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FERROIXCI.AVP]:     A  FIREPROOF   BUtEDTXG   MATE- 
RIA E.        /    . 

Bv  H.  F.  Conn 

^•
' 

[Read  before  the  Civil  Engineers'  Club  of  Cleve|andi\Dccemb^ 

Ox  December  17,  1900,  as  many  of  you  'mil  tehiember,  practii^ 
cally  all  of  the  buildins^s  of  the  Brown  Hoisting-^f^Hin^ii^jyirCc 
pany  were  destroyed  by  fire.  The  only  exception  wast! 

shop  and  office  building-,  both  of  which  were  easily  accessible  to  the 
firemen  on  account  of  surrounding  driveways.  The  fire  started  in 
a  gasoline  tank,  and  in  seven  minutes  it  had  traveled  a  distance  of 
about  650  feet,  through  buildings  which  were  considered  a  very 
safe  risk  by  the  fire  insurance  people.  The  walls  were  of  brick,  and 

the  floor  of  2-inch  plank  nailed  to  4  x  4-inch  stringers  set  in  cinders. 
The  roof  was  of  2-inch  plank,  covered  with  slate,  and  was  sup- 

ported upon  steel  trusses  and  columns.  Since  the  roof  and  floor 
were  practically  the  only  parts  of  these  buildings  which  could 
burn  and  since  the  distance  from  the  floor  to  the  ridge  was  about 

46  feet,  you  may  readily  see  why  they  were  considered  safe. 
In  view  of  the  loss  entailed  by  this  fire,  and  of  the  much  greater 

loss  due  to  the  interruption  of  our  business  at  a  time  when  we 
were  crowded  with  orders,  it  is  no  wonder  that  Mr.  Brown  decided 

upon  having  the  new  shops  constructed  of  fireproof  material.  Our 
main  shop,  in  which  we  erect  furnace  hoists  and  other  machines  of 

great  height,  required  a  very  complete  crane  service,  with  some  of 
the  cranes  very  high  up.  The  ridge  had  to  be  about  87  feet  from 
the  floor.     If  the  walls  were  built  of  brick,  they  would  have  to  be 

^Manuscript  received  December  17,  1903. — Secretary,  Ass'n  of  Eng,  Socs. 
T 
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made  very  thick  at  the  bottom,  or  else  they  woiikl  liave  to  be  sup- 
ported on  the  structural  work.  In  the  first  case,  the  cost  of  the 

wall  would  be  high,  and  in  the  second  case  the  cost  of  the  struc- 

tural work  would  be  great.  In  order  to  light  the  shop  to  the  best 

advantage,  the  saw-tooth  construction  was  adopted.  It  was  also 
decided  that  the  floors  should  be  of  concrete.  Mr.  Alexander 

Brown  invented  a  fireproof  window  sash,  which  we  have  since 

found  to  be  most  satisfactory.  Thus  we  gradually  determined 

what  the  general  plan  was  to  be,  and  began  to  look  into  details. 

Among  the  first  of  these  was  the  question  of  the  kind  of  roof- 

ing. We  wanted  a  fireproof  roof  which  should  be  light,  cheap  and 

able  to  withstand  the  action  of  steam  and  sulphurous  gases,  which 

would  not  condense  moisture  badly  and  which  should  be  a  poor 
conductor  of  heat. 

The  only  possilDility  in  the  way  of  a  wooden  roof  would  be  one 

with  sprinklers  underneath.  This,  including  the  cost  of  nozzles, 

piping,  tanks,  etc.,  would  have  cost  us  upwards  of  $30  per  "square'' 
of  100  square  feet.  However,  we  wanted  no  wood  in  this  building, 

so  the  great  cost  was  not  the  only  thing  against  this.  Ordinary 

corrugated  iron  was  not  suited  to  the  saw-tooth  construction,  on 
account  of  leakage  and  condensation.  Also,  it  would  increase  the 

cost  of  heating,  because  it  is  a  good  conductor  of  heat. 

Book  tile,  covered  with  slate,  makes  a  good  roof,  but  a  very 

expensive  one,  on  account  of  the  great  number  of  subpurlins  re- 
quired, and  on  account  of  its  great  weight,  which  necessitates  heavy 

columns  and  trusses.  Also,  it  is  not  well  adapted  to  the  saw-tooth 
construction. 

Reinforced  concrete  roofs  seemed  to  be  the  only  ones  which 

approached  our  requirements.  Some  of  these  were  so  made  that 

a  large  part  of  the  reinforcing  metal  was  exposed  on  the  under 
side.  Of  course,  these  could  not  last  long,  because  the  sulphuric 

acid  and  moisture,  always  in  the  atmosphere,  would  soon  eat  the 

nietal  away. 
Some  of  the  reinforced  concrete  roofs  were  made  with  the 

metal  entirely  imbedded  in  cinder  concrete.  Here  again  the  metal 

would  be  eaten  away.  Also,  where  the  concrete  is  made  weak  and 

the  metal  is  not  very  strong,  the  thickness  of  the  concrete  must  be 

several  inches.  This  makes  the  roof  heavy  and  thus  increases,  the 
cost  of  the  structural  work. 

In  general,  all  of  the  reinforced  concrete  roofs,  concerning 

which  we  could  obtain  any  information,  were  too  heavy  and  expen- 
sive, and  required  a  tremendous  amount  of  centering,  which  made 

the  erection  slow. 
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In  putting  up  one  of  these  roofs,  the  first  thing"  is  practically 
to  build  a  wooden  roof.  Then  a  thin  layer  of  rich  concrete  is 

spread  evenly  over  the  boards,  and  on  top  of  this  is  placed  the 

reinforcing  metal.  On  top  of  this  is  then  tamped  some  2  or  3 
inches  of  concrete.  Avhich  is  smoothed  off  and  allowed  to  set  for  a 

week  or  more  before  the  centering  or  wooden  roof  is  taken  down. 

If  the  under  side  is  to  look  well,  it  must  then  be  smoothed  off  by  a 

plasterer,  who  puts  on  varying  thicknesses  of  cement  plaster  until 

the  marks  of  the  centering  boards  are  covered  up.  As  the  roof  now 

has  a  large  number  of  cracks  in  it,  and  as  the  concrete  itself  is  not 

impervious  to  water,  it  is  necessary  to  place  on  top  about  four  plies 

of  tarred  felt,  covered  with  pitch  or  asphalt  and  slag  or  gravel. 
Mr.  Alexander  Brown  determined  that,  since  we  could  not 

buy  what  we  wanted,  we  would  make  it.  To  do  away  with  the 

centering,  he  made  the  reinforcing  metal  stiff  enough  to  support 

the  weight  of  the  concrete.  To  make  the  concrete  impervious,  he 

used  a  richer  mixture,  one  part  of  Portland  cement  to  two  parts  of 

sand.  At  the  same  time,  the  stiffness  and  quantity  of  the  reinforc- 
ing metal  and  the  great  strength  of  the  concrete  made  it  possible 

to  obtain  all  the  strength  required  with  a  roof  only  from  one-half 

to  one-third  as  thick  and  as  heavy  as  any  other.  Hence,  there 
was  a  saving  in  concrete  and  in  structural  work. 

The  two  patents,  which  ]\Ir.  Brown  took  out,  covered  the 

shape  of  the  reinforcing  material  and  the  method  of  forming  it. 

This  reinforcing  material,  which  we  now  call  "ferroinclave,"  is  a 
corrugated  sheet  steel.  The  depth  of  the  corrugations  is  ̂   inch,  and 
the  distance  from  center  to  center  of  each  is  2  inches.  On  both  the 

upper  and  the  under  side  they  are  of  a  dovetail  shape,  with  the 

Fig.    I.     Section  of  Complkte  Roofing. 

inner  portion  about  ̂   inch  wider  than  the  outer.  Fig.  i  is  a  section 

of  a  ferroinclave  sheet,  which  is  coated  with  concrete  to  the  thick- 
ness used  in  the  majority  of  roof  constructions.  Of  course,  the 

sheets  had  to  be  so  formed  that  they  would  fit  into  each  other  and 
form  a  continuous  surface.  At  the  sides  of  the  sheets  this  was  an 

easy  matter,  because,  if  the  last  corrugations  were  left  uncompleted, 

with  the  metal  horizontal,  they  could  be  lapped  and  riveted.  At 

the  ends,  however,  a  satisfactory  joint  could  not  be  made  without 
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shingling  the  sheets,  and  this  made  it  necessary  that  the  corruga- 
tions at  one  end  of  the  sheet  be  wider  than  those  at  the  other. 

You  may  readily  see  that  the  design  of  dies  to  form  the  ferro- 
inclave  was  a  difficult  matter. 

I  will  not  describe  the  details  of  the  machine,  because  you  who 

are  here  to-night  are  interested  more  in  results.  Briefly,  I  would 
say  that  the  ferroinclave  is  formed  in  two  operations.  The  first 
one  forms  corrugations  shaped  like  a  wall  tent.  The  second 
crushes  down  the  ridge  of  this  tent  until  its  roof  is  flat. 

The  standard  sheets,  so  formed,  are  20  inches  wide  by  10  feet 

long",  and  of  No.  24  gauge.  We  have  crimped  some  sheets  of  No. 
22  gauge,  but  not  without  springing  the  dies.  Of  course,  lighter 
gauges  can  be  formed,  but,  as  there  is  no  demand  for  them,  we 
will  not  carry  any  in  stock. 

Besides  the  crimping  machine,  we  have  devices  for  sawing 

the  sheet's  into  shapes  to  fit  gables,  cornices,  partitions,  etc. ;  also 
a  bending  machine,  operated  by  compressed  air.  This  bends  the 
standard  sheets  lengthwise  into  a  trough  shape  for  the  construction 

of  gutters  (see  Fig.  2),  stair-treads,  flashings,  etc.  Another  device 
bends  the  -sheets  crosswise  for  the  construction  of  ridges,  valleys, 
flashings,  gutters,  etc. 

In  constructing  a  roof  of  this  material,  the  ferroinclave  is 

placed  upon  the  purlins  in  much  the  same  way  that  ordinary  corru- 
gated iron  is  laid.  The  only  dififerences  are  that,  with  ferroinclave, 

a  3-inch  lap  at  the  top  and  bottom  of  the  sheet  is  sufficient ;  also  the 
ferroinclave  does  not  rest  directly  upon  the  purlin,  but  bears  upon 

a  f  X  f-inch  wrought  iron  or  hardwood  strip,  of  which  you  will 
see  the  value  later.  Fig.  3  shows  an  I-beam  purlin  with  a  f  x  -}-inch 
strip  on  top  supporting  the  ferroinclave.  The  clips,  used  for  fasten- 

ing the  ferroinclave  to  the  purlins  (see  Fig.  4),  are  riveted  to  the 
upper  part  of  the  corrugation,  and  securely  grip  the  purlin.  One 
of  the  two  rivets  in  each  clip  fastens  it  to  the  upper  sheet,  and  the 
other  rivet  takes  hold  of  the  lower  sheet,  because  we  are  careful  to 

have  all  end  laps  come  directly  over  the  purlin.  Thus,  the  clips 
serve  the  second  purpose  of  fastening  the  sheets  together  endwise. 
At  the  side  the  sheets  are  lapped  about  f  inch,  and  riveted  about 
every  18  inches.  Where  there  are  no  great  irregularities  in  the 
roof,  it  is  watertight  as  soon  as  the  ferroinclave  is  laid. 

The  next  operation,  in  the  construction  of  the  roof,  is  the  con- 
creting of  the  upper  side.  The  mixture  which  we  use  is  two  parts 

of  sand  to  one  part  of  Portland  cement.  This  is  mixed  on  the 

ground  and  hoisted  in  pails  to  the  roof.  It  is  then  spread  ever;ly  to 
a  thickness  of  f  inch  or  more  above  the  tops  of  the  corrugations. 
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Fig.  2. 

Gutter  in  Place^  before  Concreting, 
AND 

Section  of  Gutter,  Concreted. 
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The  ferroinclave  is  so  stiff  that  the  men  may  walk  over  it  at  will 

while  they  are  doing  this  work. 

On   rainv   davs,   and   after   the   upper   side   is   concreted,   the 

1         I  ; 

Fig.  3.     S^;cTIO^■  through  Pcrlin  and  Ferroinclave. 

plasterers  coat  the  under  side  with  the  same  mixture  of  cement  and 

sand,  to  which  they  add  a  small  amount  of  hair.  This  is  mixed 

very  stiff  and  is  put  on  in  two  operations.  The  first,  or  rough  coat, 

just  fills  the  corrugations.    The  second,  or  finishing  coat,  is  f  inch 
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thick,  and  is  finished  usually  with  a  floated  or  granular  surface,* 
which  is  afterward  given  a  coat  of  cold-water  paint,  usually  white. 

Very  often  a  few  cracks  may  be  formed  in  the  concrete  on  the 
upper  side,  and  the  next  operation  is  to  grout  these  with  a  mixture 
of  about  one  part  of  Portland  cement  to  ten  parts  of  water,  put  on 
with  a  paint  brush.  Thus,  the  roof  is  made  a  continuous  concrete 
slab,  i^  inches  thick,  and  weighing  fifteen  pounds  per  square 
feet. 

The  roof  is  now  watertight.  The  next  question  which  arises  is, 

will  the  roof  be  watertight  when  cold  weather  comes  on?  Will 
not  the  contraction  of  the  roof  cause  large  cracks  to  form,  through 
which  the  rain  will  pass?  The  coefficient  of  expansion  of  steel  is 
0.0000065.  The  coefficient  of  expansion  of  the  mixture  of  concrete 
which  we  use  is  0.0000057.  When  the  temperature  outside  the 

building  changes  the  temperature  of  the  roof  changes,  only  not 
quite  so  much.  Also,  the  temperature  of  the  purlins  changes,  but 

to  a  less  extent  than  that  of  the  roof.  Now,  if  the  change  in  tem- 

perature of  the  purlins  is  about  f|-  as  much  as  the  change  in 
temperature  of  the  roof,  they  will  expand  and  contract  together, 
and  there  will  be  no  cracks.  Also,  if,  by  grouting  the  cracks  at  the 
right  time,  the  roof  can  be  kept  in  compression,  a  sudden  heating 
of  the  purlins,  or  a  sudden  cooling  of  the  roof,  would  only  reduce 
the  compressive  force  and  perhaps  put  it  slightly  in  tension. 

Upon  some  roofs  the  conditions  are  very  severe,  and,  as  it  is 

impossible  to  say  that  any  roof  will  not  have  any  especially  rough 
treatment,  that  workmen  will  not  make  lifts  by  hanging  tackle 

blocks  to  the  purloins  and  thus  cause  them  tO'  sag,  that  a  steam  pipe  ' 
will  not  burst  and  heat  a  short  section  of  purlin  or  a  small  patch  of 

roof  and  as  many  other  things  cannot  be  foreseen,  we  put  upon  the 

top  of  the  concrete  two  heavy  coats  of  our  non-drying,  waterproof- 
ing compound,  so  that  such  cracks  as  might  afterward  be  formed 

will  not  permit  rainwater  to  pass  through.  This  compound  is  a 
heavy  asphaltum  paint,  so  prepared  that  it  will  not  dry  hard,  like 
other  paints,  for  several  years. 

One  of  the  first  buildings  for  which  we  furnished  a  roof  was  a 
difficult  proposition,  because  the  variation  in  temperature  inside 

was  about  400°  F.  This  caused  the  purlins  to  expand  and  contract 
violently,  and,  as  these  changes  in  temperature  were  not  com- 

municated to  the  roof  so  rapidly  or  to  such  an  extent,  cracks  were 
formed  at  intervals  of  about  15  feet.  These  opened  and  closed 
slightly.  The  method  of  construction  adopted  in  this  case  was  to 
grout  the  cracks,  and,  instead  of  waterproofing  compound,  to  use  a 

four-ply  tarred  felt  roofing,  stuck  on  to  the  concrete. 
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Fig.  4.     Clips. 
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I  have  thus  far  confined  my  description  to  ferroinclave  roofing-, 
because  what  I  have  said  about  this  will  apply  largely  to  other 

constructions.  The  construction  of  walls  is  the  same,  with  the  ex- 
ception that,  for  the  sake  of  appearance,  they  should  be  painted 

with  cement  wash  upon  the  outer  side.  The  ferroinclave  may  be 

fastened  to  the  studs  or  girts,  with  the  corrugations  running  either 

vertically  or  horizontally,  preferably  the  latter. 

Fig.  5  is  a  section  through  a  window  lintel  and  a  ferroinclave 

wall,  showing  a  good  method  of  making  their  junction  neat  and 

"^TiUTtd  felt 

Fig.  5.     Section  through  Window  Lintel. 

watertight.  Ecjually  good  and  perhaps  better  connections  can  be 
made  around  metallic  window  frames. 

The  spacing  of  the  studs,  like  that  of  the  purlins,  may  be  any 

distance  up  to  9  feet  9  inches,  although  we  consider  4  feet  io-| 
inches  the  best  and  cheapest. 

Floors  may  be  constructed  in  the  same  way  as  the  roof,  except 

that  the  thickness  of  concrete  upon  the  upper  side  of  the  ferro- 
inclave is  increased  to  give  the  requisite  strength.  For  instance, 

if  the  floor  is  to  safely  sustain  a  uniformly  distributed  load  of  150 

pounds  per  square  foot  on  a  span  of  4  feet  10^  inches,  center  to 

center  of  floor  beams,  it  will  be  necessary  to  put  i-i  inches  of  con- 
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Crete  upon  the  upper  side,  making  a  total  thickness  of  2i^  inches. 
For  a  completely  fireproof  floor  we  cover  the  floor  beams  with 

wire  netting-  and  plaster  cement  mortar  upon  it.  Colored  tiles  may 
be  imbedded  in  the  concrete,  to  form  a  wearing  surface,  or  wooden 

nailing  strips  may  be  set  in,  so  that  a  wooden  floor  may  be  put  on 

top.  Of  course,  the  concrete  itself  makes  a  first-class  wearing  sur- 
face, and  is  quite  good  enough  for  factory  use. 

Stairways  may  be  made  by  using  channels  or  reinforced  con- 
crete beams  at  the  sides  and  ferroinclave  for  treads  and  risers 

between. 

A  section  through  such  a  tread  and  riser  is  shown  in  Fig.  6. 

These  treads  may  be  concreted  in  a  great  many  shapes  and  ma}^  be 
covered  with  tile,  so  as  to  present  a  very  beautiful  appearance. 

Figs.  7  and  8  show  the  ferroinclave  stair-treads  and  partitions  in 
our  pattern  shop. 

You  wall  note  that  fireproof  partitions  are  made  in  the  same 
manner  as  ferroinclave  walls.  The  structural  supports  may  be 
wrapped  with  netting  and  cemented.  Fireproof  doors  may  be 
made  by  placing  the  ferroinclave  in  an  iron  frame. 

Reinforced  concrete  piles  may  be  made  by  joining  end  to  end 
a  number  of  ferroinclave  sheets,  bending  them  into  a  pipe  shape 
and  concreting  them  inside  and  outside,  so  as  to  form  a  solid 

cylinder,  as  shown  by  Fig.  13.  These  piles  are  of  great  value,  be- 
cause of  their  indestructibility.  They  will  have  a  great  field  of 

usefulness  in  tropical  countries,  where  the  teredo  quickly  eats  out 
wooden  piles,  and  steel  piles  are  so  soon  rusted  away.  In  other 
parts  of  the  world  wood  is  daily  becoming  more  expensive,  and  as 
it  lasts  but  a  very  short  time  in  most  cases,  it  is  cheaper  and  safer 
to  use  concrete  piles  when  preparing  foundations  for  valuable  and 
permanent  structures. 

As  we  have  not  had  an  opportunity  of  collecting  much  data 

concerning  these  piles,  I  will  not  go  into  the  matter  further.  Dur- 
ing the  coming  spring  we  will  make  some  very  extensive  tests. 
The  strength  of  ferroinclave  constructions  may  be  figured  in 

much  the  same  manner  as  other  reinforced  concrete  constructions, 

except  when  the  thickness  of  concrete  upon  the  top  of  the  ferro- 
inclave is  small.  Then  the  stiffness  of  the  ferroinclave  gives  mate- 

rial assistance,  and  part  of  the  metal  is  in  tension  and  part  in  com- 
pression.   Hence,  the  only  reliable  way  is  to  depend  upon  tests. 

Figs.  9  and  10  show  the  results  of  a  series  of  tests  made  upon 
No.  24  ferroinclave  sheets,  20  inches  wide  by  10  feet  long,  placed 
upon  two  spans  of  4  feet  io|  inches  each,  and  coated  on  the 
top  with  the  various  thicknesses  of  concrete,  which  are  given  as 
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Figs.  6,  7  and  8.     Stairs. 
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Curve  of  uniformly  distributed  loads  per  square  foot,  producing  J4-inch 
deflection  on  a  4-foot  loj^-inch  span  of  No.  24  Ferroinclave,  painted;  then 
coated  with  cement,  mortar  and  plaster.  Time  of  setting,  14  days.  Width 
of  test  pieces,  20  inches.     Two  spans. 
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Thicknesses  of  cement  above  Ferroinclave,  2  sand  to  i  Vulcanite  cement; 

J^-inch   wall   plaster  (gypsum)   below   Ferroinclave. 

Fig.   9.     Load  Diagram. 

Ultimate  bending  moments  per  i  inch  of  width  of  No.  24  Ferroinclave, 
painted;  then  coated  with  cement,  mortar  and  plaster.  Two  spans,  each 
4  feet  ioJ4  inches.  Tests  made  upon  sheets  20  inches  wide.  Time  of  setting, 
14  days. 
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Fig.  10.     Moment  Diagram. 
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the  ordinates  of  these  curves.  Figuring'  from  these  tests,  we  see 
that,  when  a  ferroinclave  roof  is  made  i|  inclies  thick  and  placed 

upon  a  span  of  4  feet  io.|r  inches,  it  will  support  a  uniformly  dis- 
tributed load  of  50  lbs.  per  sq.  ft.  with  a  factor  of  safety  of  six. 

Fig.  II  shows  a  simple  fire  test  upon  ferroinclave  roofing.  It 

is  loaded  to  about  fifty  pounds  per  square  foot  and  placed  upon 

two  spans  of  4  feet  10^-  inches  each.  Fig.  I2  shows  the  test  pieces 
after  the  fire  had  burned  for  thirty  minutes.  Fire  and  water  were 

alternately  concentrated  upon  these  sheets  for  about  an  hour,  with- 

out doing  any  injury  except  to  sag  them  very  slightly. 

Prof.  Chas.  L.  Norton,  of  the  Massachusetts  Institute  of  Tech- 

nology, who  is  in  charge  of  the  Insurance  Engineering  Experiment 

Station,  states,  concerning  tests  Avhich  he  conducted,  ''The  condition 
of  the  roof  was  such  that  it  was  still,  at  the  close  of  the  test,  a  good 

fire  stop,  and  with  a  little  more  cement  plastering  it  would  have  been 

in  appearance  and  efficiency  in  its  original  condition." 
A  feirroinclave  roof,  when  made  only  i^  inches  thick,  will  con- 
duct heat  about  ̂ \  as  fast  as  corrugated  iron  and  about  six  times 

as  fast  as  2-inch  plank.  No  trouble  has  been  caused  by  condensa- 

tion of  moisture  upon  the  under  sides  in  building  which  were  prop- 
erly ventilated.  In  buildings  where  there  is  liable  to  be  a  large 

amount  of  moisture,  it  is  better  to  space  the  purlins  a  considerable 

distance  apart,  even  up  to  8  or  9  feet,  and  to  make  the  roof  a  little 
thicker. 

The  cost  of  a  ferroinclave  roof,  complete,  varies  from  $20  per 

square  of  100  square  feet  up  to  ̂ 26  per  square  when  made  i^  inches 

thick.  It  may  be  erected  cheaply  where  plasterers  are  paid  $3.75 

per  day  and  where  conditions  are  favorable,  and  it  will  cost  the 

maximum  figure  mentioned  above  when  plasterers  receive  $7.50 

per  day  of  eight  hours,  as  in  one  city  which  I  might  mention. 

The  average  ferroinclavd  floor  costs  little  more  than  the  roof. 

Ferroinclave  walls  cost  from  $22  up  to  $35  per  square,  depend- 
ing upon  locality,  height,  etc.  Compare  this  with  the  cost  of  brick 

walls  for  our  main  shop,  and  you  will  see  what  a  tremendous  sav- 
ing we  made. 

We  sell  the  ferroinclave  in  sheets  20  inches  wade  by  10  feet 

long,  or  shorter.  The  price  for  the  short  sheets,  and  for  those  oddly 

cut  or  bent,  is  somewhat  higher  than  for  the  standard  lo-feet  sheets. 
Customers  usually  send  us  drawings  of  their  buildings,  and  we 

give  them  prices  for  all  of  the  ferroinclave  and  fastening  clips  re- 
quired ;  or,  if  the  buildings  are  large,  we  give  them  prices  upon  the 

roof,  floor,  walls,  etc.,  complete  and  guaranteed. 
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Fig.  II.     Fire  Test,  before  Lighting. 

Fig.  12.     Fire  Test,  One  Hour  after  Lighting. 
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Fig.    13.     Ferroinclave   Pile. 
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PROPOSED  IMPROVEMENTS  IX  ST.  EOIIIS  TERMINALS. 

By  a.  p.  Greensfelder. 

[Read  before  the  Engineers"  Club  of  St.  Louis,  October  7,  1903.*] 

Prosperous  times  seem  to  come  periodically  in  this  American 
land,  and  with  each  period  are  associated  some  great  forward 
strides  in  the  development  of  its  resources  and  in  the  improvement 
of  the  facilities  for  presenting  these  products  for  the  benefit  of  its 

people.  In  the  period  just  at  hand  out  of  all  the  numerous  ad- 
vances made  in  the  arts  and  sciences  none  stand  out  more  promi- 
nently than  the  progress  shown  in  railroad  construction  and  en- 

largement. The  last  few  years  have  witnessed  the  spreading  out 

of  the  numerous  great  trunk  lines  with  Avonderful  rapidity  through- 
out the  United  States,  reaching  out  in  all  directions  in  order  to 

keep  up  with  the  development  of  new  territory  or  the  tremendous 
increase  in  volume  of  business.  This  business,  routed  along  the 
rails  of  all  roads  in  the  country,  travels  to  the  great  business  centers 
for  further  consignment  or  for  commercial  uses.  Thus  are  brought 
to  the  large  cities  great  numbers  of  cars,  loaded  or  unloaded, 

through-billed  or  for  transfer,  for  local  industrials  or  for  consump- 
tion. 

Such  a  town  is  St.  Louis,  with  a  population  fourth  largest 

in  the  United  States,  the  center  of  twenty-two  different  railroads, 
and  she  presents  quite  an  example  of  what  railroad  concentration 
can  imply.  Each  town  in  the  Union  has  its  problem  of  the  hand 
ling  of  the  varied  railroad  freight  and  passenger  business  for 
solution,  and  this  city  on  the  banks  of  the  Mississippi  is  not  an 

exception.  Chicago,  Pittsburg,  Philadelphia  and  Boston  have  eacli 
been  compelled  recently  to  consider  the  enlargement  and  betterment 
of  their  railroad  terminals  ;  and  St.  Louis,  just  reaching  that  point 

where  business  warrants  and  compels  it,  has  not  been  slow  in  ex- 
panding and   improving  to   meet   existing  and    future   conditions. 

Here,  in  St.  Louis,  all  passenger  business  is  handled  from  one 
union  station,  and  a  great  quantity  of  local  freight  and  of  freight 
interchange  is  transferred  from  one  railroad  to  another,  through 
the  medium  and  under  the  direction  of  what  is  known  as  the 

Terminal  Railroad  Association,  or  T.  R.  R.  A.,  of  St.  Louis, 
The  T.  R.  R.  A.  of  St.  Louis  is  an  association  of  fourteen  of 

the  twenty-two  railroads  entering  St.  Louis  or  East  St.  Louis, 
and  was  formed  by  them  for  the  economical  and  rapid  handling 

*^Ianu.scrifjt  received   November  2,3,   1903. — Secretary,   Ass'n   of  Eng.    Socs. 
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of  passenger  and  freight  business  through  the  city.  Up  to  about 
a  year  or  so  ago,  its  proprietary  lines  were  six  in  number,  and 
included  the  Missouri  Pacific,  the  Iron  Mountain,  the  Wabash, 
the  Big  Four,  the  Baltimore  and  Ohio  and  the  Louisville  and 

Nashville.  With  the  recent  addition  of  the  'Frisco,  the  Vandalia 
and  the  Rock  Island,  and  then  the  Chicago  and  Alton,  the  Southern, 
the  Illinois  Central,  the  Burlington  and  the  Missouri,  Kansas  and 

Texas,  as  proprietary  lines,  together  with  the  tremendous  increase 
in  business  within  the  last  few  years  which  it  has  been  compelled 
to  handle,  the  T.  R.  R.  A.  has  been  made  a  center  of  railroad 

interests  of  large  proportions.  In  this  way,  due  to  ever-increasing 
business  in  both  freight  and  passenger  channels,  the  Terminal 
Association  has  been  compelled  to  make  large  additions  to,  and 
important  improvements  in,  its  facilities.  These  improvements  are 
partly  under  way  of  construction  at  this  time,  others  have  recently 
been  completed  and  still  others  are  contemplated,  but  work  on 
them  has  as  yet  not  been  started.  It  is  of  these  improvements  that 

I  will  speak  in  a  general  way  to-night.  I  will  endeavor  not  merely 
to  recite  facts  and  figures  in  an  offhand  way,  which  might  mean 
nothing  except  to  a  railroad  man  personally  acquainted  with  the 
present  situations,  but  will  try  to  show  the  reason  for  the  changes 
and  improvements,  and  to  what  extent  these  alterations  will  prove 

beneficial — not  only  the  what,  but  the  reason  why  and  the  way 
how  we  expect  to  remedy  existing  conditions. 

For  the  convenience  of  the  operating  department  the  Terminal 
properties  are  divided  into  four  districts,  namely,  the  East  St. 
Louis,  the  Madison,  the  Bremen  Avenue  and  the  St.  Louis  Districts. 

(See  Fig.  i.) 
The  East  St.  Louis  District  extends  from  the  stockyards  in 

East  St.  Louis  to  East  Carondelet,  and  exercises  jurisdiction  over 

the  east  approach  of  the  Fads  Bridge,  the  tracks  in  vicinity  of 
relay  depot,  the  freight  ranging  yards  just  north  of  Cahokia 
Creek  and  the  Conlogue  branch  to  the  East  Carondelet  Ferry. 
One  of  the  largest  improvements  in  this  district  is  the  enlargement 
of  the  ranging  yard,  in  which  all  carload  freight  received  in  East 
St.  Louis  is  separated  and  classified  according  to  the  various  roads. 

The  old  yard  had  a  capacity  of  about  1500  40-foot  cars,  but,  with 
the  addition  of  the  new  westbound  departure  yard  of  485  cars 
capacity,  and  the  extension  of  the  eastbound  receiving  yard  to  hold 
230  cars  additional,  the  capacity  of  this  yard  will  be  increased  about 
50  per  cent,  to  a  total  of  2250  cars.  The  increase  in  capacity  of  this 
yard  is  essential  in  order  to  insure  reasonably  prompt  movement 
of  the  extra   1000  cars  which  are  moved  in  the  fall  and  winter 
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over  and  above  the  daily  average  of  about  3000  freight  cars  in 
the  St.  Louis  and  East  St.  Louis  Districts.  The  westbound  yard, 

as  built,  is  somewhat  of  a  novelty  in  this  vicinity,  it  being  what  is 

known  as  a  gravity-switching  or  "hump"'  yard.  The  yard,  since 
it  was  opened  last  January,  operates  very  satisfactorily  and  breaks 

up  a  train  very  rapidly,  although  its  efficiency  is  somewhat  im- 
paired by  the  fact  that  there  are  only  16  tracks  in  the  yard,  holding 

25  to  35  cars  each.  The  hump  is  8  feet  above  the  south  end  of  the 
yard,  and  has  a  2.4  per  cent,  grade  up  and  a  3.4  per  cent,  grade 
down  for  100  feet,  when  it  spreads  out  to  a  0.42  per  cent,  through 
the  switches  on  the  lead  for  1000  feet  and  then  level  for  600  feet 

down  the  yard.  A  very  large  scheme  of  a  cluster  yard  was 
worked  out  for  this  point,  comprising  a  series  of  classification 

yards,  in  which  were  arranged  a  40-track  westbound  and  southbound 
classification  and  departure  yard,  holding  2000  cars ;  a  20-track 
eastbound  receiving  yard,  holding  iioo  cars;  an  eastbound  classi- 

fication yard  of  24  tracks,  holding  600  cars ;  an  eastbound  de- 
parture yard  of  30  tracks,  with  a  capacity  of  1600  cars,  and  a 

westbound  departure  yard  of  40  tracks,  holding  1000  cars,  making 
a  grand  total  of  6300  cars ;  but,  due  to  the  radical  changes  necessary 
in  the  relocation  of  the  tracks  of  numerous  lines,  this  scheme  was 
found  impracticable. 

Relay  depot,  situated  between  the  head  ends  of  several  freight 
yards,  in  a  triangle  of  bad  railroad  crossings,  where  passenger 
business  to  and  from  Eads  Bridge  is  heavy,  and  where  engine 
relays  are  made,  is  a  point  which  early  called  for  some  kind  of  an 
interlocking  plant  to  govern  train  movements.  In  1883  the  first 
large  interlocking  plant  of  the  kind  in  the  country  was  installed 
here,  and  used  hydraulic  transmission  of  power.  This  plant  was 

somewhat  altered  in  1888,  and  remodeled  into  a  71 -lever  hydro- 
pneumatic  plant.  Having  run  its  life  since  then,  it  was  decided 

last  year  to  install  the  latest  type  of  an  electric  system,  and  the 
Taylor  Signal  Company  will  be  ready  within  a  few  weeks  to  turn 

over  for  operation  a  plant  controlled  through  a  r44-lever  machine, 
104  levers  of  which  are  working  levers.  The  plant  is  modern  in 
every  respect,  with  clay  wire  conduits,  dwarf  and  high  signals, 
electrically  lighted,  reserve  storage  batteries,  duplicate  power  plants 
and  convenient  signal  bridges. 

The  Madison  District  geographically  presents  itself  next  for 

consideration,  including,  as  it  does,  the  territory  from  Granite 
City,  on  the  north,  down  along  the  east  approach  of  the  Merchants 
Bridge,  through  Madison  and  Madison  Yards  to  the  Illinois  Trans- 

fer Railroad  and  the  East  St.  Louis  Belt  Line,  to  the  stockyards 
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in  the  south.  At  Granite  City,  where  connection  is  made  for  the 

Merchants  Bridge  with  the  Wabash,  the  Big  Four,  the  Chicago 

and  Alton  and  the  Chicago,  Peoria  and  St.  Louis,  it  will  be  neces- 
sary to  remodel  the  present  interlocking  plant  in  order  to  insure 

safety  to  the  high-speed  runs,  which  are  made  at  60  miles  an 
hour  through  this  point  by  the  limited  through  passenger  trains. 

It  is  contemplated  to  substitute  for  the  present  mechanical  machine 

of  68  levers,  which  was  installed  by  the  Johnson  Signal  Company 

in  1894,  with  its  old  mechanical  switch-lock  movements  and  out- 

of-date  signal  devices,  a  plant,  either  power-operated  or  mechanical, 
fully  equipped  with  facing  point  and  position  locks  and  all  modern 

improvements. 

At  Madison  Junction,  where  freight  trains  to  and  from  Madi- 
son Yard  leave  or  enter  the  tracks  leading  to  Merchants  Bridge, 

without  protection  to  the  passenger  trains  of  the  northern  roads 

using  this  bridge,  it  was  deemed  necessary  to  remedy  this  dan- 
gerous condition  by  the  installation  of  an  interlocking  plant  at 

this  point.  Accordingly,  a  Taylor  electric  machine  of  55  levers 

is  being  installed,  with  proper  derails,  home  and  distant  signals, 

signal  bridges,  etc. 

At  the  Madison  Freight  Yard,  wherein  is  received  and  classi- 
fied freight  for  numerous  lines,  as  well  as  all  freight  routed  via 

Merchants  Bridge,  in  order  to  reduce  the  engine  mileage  to  its 

normal  condition,  it  is  necessary  to  increase  the  number  of  tracks. 

For  example,  during  1902  the  engine  days  worked  increased  65 

per  cent,  over  the  same  period  in  190 1,  while  there  was  only  31 

per  cent,  increase  in  the  number  of  cars  handled.  The  present 

plans,  contemplate,  therefore,  the  enlargement  of  a  yard  of  17 

tracks,  with  a  total  capacity  of  600  cars,  to  a  yard  with  a  greater 

number  of  tracks  and  increased  car  capacity. 
On  the  Illinois  Transfer  Railroad,  which  is  the  outer  belt  on 

the  east  side  of  the  river,  connecting  with  the  Illinois  Central  on 

the  south  and  with  all  intersecting  lines  to  the  Clover  Leaf  on  the 

north,  and  with  Madison  Yard,  there  is  being  laid  a  long  piece 

of  double  track  to  accommodate  the  rapidl}^  increasing  traffic  which 
is  properly  being  handled  along  this  belt. 

At  a  point  on  the  East  St.  Louis  Belt  Railroad,  where  it  crosses 

the  Venice  and  Carondelet  Railroad,  is  a  triangular  tract  of  ground 

of  about  20  acres.  On  this  space  there  are  now  being  built  an 

engine  house  and  repair  shops  of  large  capacity,  in  order  to  afford 

proper  facilities  for  the  maintenance  and  repair  of  the  locomotives 

and  car  equipment  of  the  company.  With  the  new  equipment,  which 

it  is  intended  to  purchase,  there  will  be  about  100  locomotives  to 
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be  provided  for.  and  a  large  repair  yard  is  necessary.  The  only 

shops  now  maintained  are  some  old  buildings  at  Sixteenth  Street, 

in  St.  Louis,  which  it  will  be  necessary  to  dismantle  in  order  to 

provide  space  for  other  improvements,  while  the  present  facilities 

for  car  repairs  consist  merely  of  small  outbuildings  scattered 

through  the  various  yards.  It  is  the  intention,  therefore,  to  trans- 
fer all  repair  work  of  this  kind  to  these  new  shops,  which  are  very 

complete  and  extensive  and  involve  the  expenditure  of  about  half 
a  million  dollars.  The  layout  includes  a  roundbouse,  machine 

shop,  blacksmith  shop,  wood  and  paint  shop,  storehouse,  oil  liouse 

and  power  house,  and  it  is  intended  to  provide,  at  some  future 

time,  not  only  repair  tracks  of  all  kinds,  but  a  modern  engine- 
coaling  station  as  well.     (See  Fig.  2.) 

The  80-foot  engine  roundhouse,  of  16  stalls,  is  modernly 

equipped  with  cleaning  and  wheel  pits,  is  hot-air  heated  and  elec- 

trically lighted  and  is  reached  through  a  70-foot  turntable. 
Tbe  arrangement  of  shops  is  such  that,  by  means  of  the  70-foot 

transfer  table,  304  feet  long,  of  150  tons  capacity,  operated  by 
electricity  along  their  entire  length  between  the  adjoining  machine 
and  blacksmith  shops  and  the  wood  and  paint  shops,  an  engine  or 
car  can  be  brought  from  the  engine  house  or  through  the  repair 

yard  and  run  directly  to  the  place  desired.  The  shops  are  compo- 
sition-roofed, brick  buildings  and  are  designed  to  fit  each  its  special 

purpose.  The  machine  shop,  253  feet  by  123  feet,  is  equipped  with 

an  80-ton  crane,  to  enable  the  shifting  of  a  locomotive  bodily,  and 
is  well  arranged,  with  its  large  tools  on  the  ground  floor  and  its 

lighter  tools  economically  placed  on  a  balcony  above.  The  75-foot 
by  123-foot  blacksmith  shop  is  equipped  with  two  turntables, 

serving  the  forges  and  machines.  The  wood  and  paint  shop 'is 
no  feet  long  by  100  feet  wide,  and  is  to  handle  all  wood  work  for 

both  engines  and  cars.  The  two-story  storeroom  and  office  build- 
ing, 128  feet  by  53  feet,  is  located  alongside  of  convenient  tracks, 

and  is  easily  accessible  to  the  material  yard  and  shops. 

The  100-foot  by  98-foot  power  house  is  built  sufficiently  large 
to  permit  installation  of  more  machinery  than  the  present  1000 
horse  power  required  to  heat,  light  and  furnish  power  to  the  various 
buildings  of  the  group.  The  equipment  is  machinery  transferred 
from  the  present  power  house  at  Union  Station,  St.  Louis,  and 

consists  of  four  250-horse-power  Babcock-Wilcox  water-tube 

boilers,  three  200-horse-power  Erie  vertical  marine  engines,  one 
350-horse-power  Ingersol-Sergeant  air  compressor  of  2150  cubic 
feet  per  minute  capacity,  pumps,  etc.,  and  a  new  lo-ton  42-foot 
hand-operated  crane. 
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Before  turniiii^'  our  attention  from  tlie  east  to  the  west  side 
of  the  ̂ Mississippi  River  it  may  be  of  interest  to  mention  some 
work  being  done  on  the  two  connecting  links  between  the  Missouri 
and  IlHnois  Shores. 

On  the  east  approach  of  the  Eads  Bridge  there  is  now  being 
reconstructed  a  portion  of  the  railway  viaduct  between  bent  30 

and  the  east  abutment,  including  the  long  continuous  322-foot 
3^-inch  girders  originally  built,  and  of  which  style  of  construction, 
I  believe,  there  are  not  many  examples  in  the  country.  This  re- 

construction is  necessary  because  that  part  of  the  structure  will 
not  be  strong  enough  for  those  new  switching  engines  which  the 

company  has  ordered,  as  well  as  for  new  road  engines  of  ever- 
increasing  weight.  On  the  main  spans  of  the  Eads  Bridge,  con- 

sisting of  the  center  span  of  520  feet  and  two  side  spans  of  502 
feet  each,  a  very  thorough  inspection  was  made  last  year,  and  the 
bridge  was  found  in  remarkably  good  condition  after  its  thirty 
years  of  incessantly  heavy  service  since  July  4,  1874.  A  number 
of  very  interesting  points  were  brought  out  in  this  inspection,  but 
one  in  particular  showed  how  well  planned  and  how  carefully 
executed  was  every  detail  of  manufacture  of  the  material  and  its 
erection  in  this  bridge.  In  order  to  investigate  the  strength  of 
the  ribs  on  the  main  arches  it  was  decided  to  drill  holes  through 
the  envelope  and  staves  which  go  to  make  up  these  hollow  ribs, 
which  are  about  18  inches  in  diameter.  These  staves,  varying  in 

thickness  from  i-g  inches  to  i^  inches,  are  made  of  the  toughest 
100,000-pound  chrome  steel,  and  it  was  only  with  the  greatest 
difficulty  that  we  succeeded  in  piercing  them.  Nearly  a  dozen 
holes  were  drilled  in  various  spots  on  the  bridge,  and  in  every  case 
we  found  the  inside  of  the  tube  in  almost  as  perfect  condition  as 

on  the  day  when  it  was  put  in  place.  By  means  of  a  unique  con- 
trivance of  mirrors  and  electric  lights  we  were  enabled  to  look 

down  inside  of  the  hole,  and  the  original  paint  coating  was  found 

intact.  It  may  be  necessary,  however,  where  the  outer  5-16-inch 
envelope  has  been  badly  eaten  away,  to  cover  the  ribs  v/ith  a  new 

f-inch  envelope,  jacketed  over  the  present  one,  with  a  filling  be- 
tween of  new  asphalt. 

Some  renewals  are  also  being  made  in  the  floor  beams  on  the 

upper  roadwa}^,  which,  being  freely  exposed  to  the  sulphur,  smoke 
and  steam  of  the  engines  running  beneath  them,  have  been  some- 

what weakened  by  corrosion.  In  addition  some  gusset  plates  are 
being  added  to  the  verticals  supporting  the  upper  roadway,  but, 
with  the  exception  of  the  placing  of  some  rigid  bracing  between 
these  posts,  nothing  radical  is  being  done  whatever  on  the  main 
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spans.  Due  to  the  gases  and  moisture  in  the  tunnel  on  the  west 

approach  of  this  bridg-e,  the  old  steel  bridges  over  Main  Street, 
Second  Street  and  the  alley  between  have  badly  deteriorated,  and 
are  being  replaced  with  entirely  new  structures. 

On  the  ̂ lerchants  Bridge,  east  approach,  nothing  is  being  done 

with  the  exception  of  the  replacing-  of  the  four  67- foot  6-inch 
girders  over  Kline  Street,  which  were  washed  out  by  the  flood 
in  June.  An  estimate  of  cost  for  replacing  the  one  remaining 
piece  of  wooden  trestle  work  on  this  bridge  just  east  of  the  three 

125-foot  spans  on  the  east  approach  was  made,  and  it  is  not  unlikely 
that  this  work  will  be  done  in  the  near  future. 

On  the  main  spans  of  the  ̂ Merchants  Bridge,  in  order  to  secure 
to  the  bridge  ample  strength  for  the  new  road  engine  loading  of 

two  174-ton  engines  with  tenders,  involving  50,000  pounds  on  driver 
axles,  spaced  4  feet  6  inches  center  to  center,  as  well  as  for  the 
new  terminal  switching  engine  of  shifter  type,  with  68  tons  on 

three  driving-  axles  having  ii-foot  w'heel  base,  and  112  tons  total 
weight  of  engine  and  tender,  it  was  found  advisable  to  combine 
under  one  track,  the  four  stringers  which  were  previously  under 
the  two,  and  to  replace  those  shifted  with  two  new  ones.  This 
work  has  been  completed,  and  both  tracks  are  now  in  full  service. 

On  the  west  approach  of  Merchants  Bridge,  the  old  wooden 
trestle  work,  erected  when  the  bridge  was  built,  in  1892,  has  been 

replaced  with  a  modern  steel  viaduct,  and  a  new  northwest  ap- 
proach steel  viaduct  has  been  built,  to  make  connections  with  the 

west  belt  line.  The  viaduct  is  about  35  feet  high,  with  28-foot 
towers  and  28-foot  spans,  and  is  about  820  feet  long. 

Running  off  from  the  Merchants  Bridge  toward  the  west, 

we  enter  the  so-called  Bremen  Avenue  District,  which  extends  from 
Biddle  Street  through  the  Florida  Street,  Ashley  Street,  Bremen 
Avenue  and  May  Street  yards  toward  the  northwest  belts.  What 
is  known  as  our  West  Belt  Line  here  extends  from  its  connection 

at  Carrie  and  Bulwer  Avenues  westwardly  around  the  city  to  a 
connection  with  the  Wabash  Railroad  near  Page  Avenue.  Good 

progress  has  been  made  on  this  line  recently,  and  it  will  shortly  be 

completed,  w^ith  5.1  miles  of  double-track  line.  The  line  is  lo- 
cated with  8-degree  curves  and  compensated  i  per  cent,  maximum 

grades,  and  is  almost  entirely  free  from  grade  highway  or  electric 
railway  crossings,  which  are  carried  either  above  or  below  its 
tracks.  It  is  the  intention  to  use  this  belt  line  for  the  transfer  of 

through  freight  destined  for  points  outside  of  St.  Louis,  thus  con- 
triving to  keep  out  of  the  crowded  Mill  Creek  Valley  this  traffic, 

which  unnecessarily  tends  to  congest  it.     It  is  possible  also  that,. 
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during  the  World's  Fair,  it  may  be  found  desirable  to  run  pas- 
senger trains  around  this  belt  line,  in  order  to  increase  the  facilities 

for  carr3dng  people  to  and  from  the  World's  Fair  Grounds. 
There  is  also  being  built  an  outer  belt  line,  known  as  the  St. 

Louis  Belt  and  Terminal  Railway,  which  runs  16.4  miles,  from  its 
connection  with  the  Burlington  at  Prospect, on  the  north,  around  the 

city  to  the  'Frisco,  at  Lindenwood,  on  the  south,  connected  en 
route  with  the  Wabash,  Rock  Island  and  Missouri  Pacific.  With 

its  0.8  per  cent,  limiting  compensated  grades,  and  its  4-degree 
maximum  curves,  it  is  bound  to  become  a  busy  freight  channel  for 
that  through  business  requiring  rapid  transit,  a  demand  which 
seems  to  be  yearly  increasing,  and  which  develops  a  tendency  to 
keep  such  traffic  out  of  the  large  cities  with  their  consequent 
terminal  delays. 

Due  to  the  belt  lines  and  increasing  freight  tonnage  over  the 
Merchants  Bridge,  the  Bremen  Avenue  District  is  handling  more 

"business  every  year,  so  that  it  is  found  necessary  to  enlarge  the 
present  Bremen  Avenue  Freight  Yard  from  its  present  capacity 
of  92  cars  to  hold  about  197  cars  additional,  in  order  to  take  care  of 
the  necessary  distribution  at  this  point.  It  is  also  the  intention  to 

•erect  at  this  point  a  passenger  station  of  ample  capacity. 
All  passenger  trains,  from  Union  Station  to  the  Northern  lines 

and  over  the  Merchants  Bridge,  are  compelled  to  come  down  Main 
Street,  which  is  a  public  thoroughfare.  Due  to  wagon  traffic  in 
this  street,  and  to  the  great  amount  of  switching  in  and  out  of  the 
numerous  industrial  plants  and  small  yards  of  the  Burlington 
Railroad  and  the  Terminal  Company,  this  passenger  traffic  is  often 
blocked.  In  order,  therefore,  to  reduce  these  delays  to  a  minimum, 
a  third  track  has  been  laid  along  Main  Street,  giving  a  double 

main-line  track  from  the  Union  Station,  and  a  system  of  electric 
interlocking  is  being  installed  between  Biddle  Street  and  North 

Market  Street.  Due  to  obstruction  of  view,  three  tow^ers  are 
necessary,  and  a  96-lever  machine  (70  working)  has  been  placed 
at  North  Market  Street,  a  36-lever  machine  (24  working)  at  Mul- 
lanphy  Street  and  a  36-lever  machine  (23  woridng)  at  Biddle 
Street.  Due  to  the  location  of  the  tracks  in  the  paved  street  and 
the  consequent  wagon  usage,  detector  bars  at  switches  were  found 
impossible,  and  track  circuits  had  to  be  resorted  to  for  indication 
of  train  movements.  This  is  somewhat  of  an  experiment  in  a 

spot  where  short  circuits  are  easily  caused  by  muddy  streets  and 

by  ice  and  snow  in  winter,  but  it  is  thought  that  this  can  be  over- 
come by  careful  installation. 

Following  along  the  Main  Street  tracks,  we  enter,  at  Wash- 
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ington  Avenue,  what  is  known  as  the  St.  Louis  District,  which 
runs  west  from  this  point  through  Mill  Creek  Valley  and  Union 
Station  to  Grand  Avenue.  The  changes  in  this  district  are  most 
radical,  and  improvements  of  a  large  scope  are  being  inaugurated 
in  order  to  relieve  congestion  throughout  the  valley  and  to  take 

care  of  the  anticipated  extra  traffic  due  to  the  World's  Fair,  to  be 
opened  on  April  30,  1904. 

One  of  the  largest  improvements  suggested,  and  one  which 

has  created  a  great  deal  of  popular  discussion,  through  the  news- 
papers, at  least,  is  the  proposed  double  track  connection  between 

Eads  Bridge  and  the  iMerchants  Elevated  tracks,  commonly  known 

as  the  '"Loop."  This  plan  contemplated  the  building  of  a  steel 
elevated  structure,  about  2200  feet  long,  from  a  connection  with 
the  tracks  on  Eads  Bridge  just  west  of  the  main  spans,  and  curving 
westward  and  southward  on  a  down  grade  until  it  ran  parallel 
to  and  on  a  level  with  the  present  elevated  Merchants  tracks  at 

a  point  near  Market  Street.  In  addition  it  was  proposed  to  four- 
track,  from  ̂ Market  Street  around  to  Twelfth  Street,  the  present 

double-track  ^Merchants  Elevated,  a  distance  of  about  6600  feet, 

thus  affording  a  four-track  channel  to  and  from  Union  Station. 
This  scheme  involved  the  expenditure  of  a  large  sum  of  money, 

and  was  undertaken  with  the  idea  of  obviating  the  so-called  tunnel 
nuisance  to  passengers  traveling  via  Eads  Bridge,  and  to  increase 
the  capacity  of  Eads  Bridge  with  the  consequent  betterment  of 
service  on  the  main  line  tracks  between  relay  depot  and  Union 
Station. 

The  avoidance  of  smoke  and  gases  in  the  tunnel  is  impossible 
because  of  the  extremely  heavy  traffic  at  busy  intervals  of  the  day, 
and  of  its  location  in  the  heart  of  the  business  part  of  St.  Louis, 

where  ventilating  shafts  would  not  be  tolerated.  The  actual  oper- 
ating time  limit  between  the  following  trains  through  the  tunnel 

is  about  four  minutes,  due  to  the  fact  that  its  cross  section  pro- 
hibits proper  curve  elevation  around  a  curvature  of  11^  degrees. 

The  following,  from  the  train  sheet  of  October  3,  1903,  shows  the 
average  daily  traffic  through  the  tunnel  and  over  the  Eads  Bridge 

in  twenty-four  hours : 
Eastbound — 

Passenger  trains          53 

Freight  trains  hauling  532  cars       23 

Light  engines         22 

Total          98 

Between  7.25  and    9.42  a.m.  were  run  16  trains. 
Between  8.29  and  10.13  P-M.  were  run  15  trains. 

On   four-minute,  least   schedule. 
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Westbound — 
Passenger  trains       52 

Freight  trains  hauling  669  cars    29 

Light  engines       14 

Total          95 

Between  6.58  and  8.25  a.m.  were  run  14  trains. 

Between  6.12  and  8.27  p.m.  were  run  16  trains. 

On  three-minute,  least  schedule. 

The  tunnel  grades  are  80  feet  to  the  mile,  and  in  its  con- 
struction, sufficient  provision  not  having  been  made  for  drainage, 

perfect  track  maintenance  is  difficult. 

The  smoke,  besides  being  distasteful  to  the  traveling  public, 
is  also  a  serious  detriment  to  train  operation,  for  its  density  is  such 
as  to  prevent  positive  observation  of  any  signals  placed  in  the 
tunnel,  and  compels  the  establishment,  for  absolute  safety,  of  the 
positive  block,  which  makes  it  impossible  for  the  entrance  of  one 
train  into  the  tunnel  until  a  preceding  train  on  that  track  has 
cleared  the  exit  at  the  other  end.  It  is  thought,  therefore,  that  the 

building  of  the  "Loop"  and  of  the  two  additional  elevated  tracks 
would,  in  a  large  measure,  prevent  the  delays  caused  by  volume 
of  traffic  and  by  the  failure  of  inbound  trains  to  reach  East  St. 
Louis  on  schedule  time,  and  that  the  separation  of  freight  from 
passenger  traffic  at  Main  Street,  and  the  running  of  the  former 

only  through  the  "Hole,"  would  enable  prompter  service  to  be  given 
in  every  way. 

In  the  Mill  Creek  Valley  itself  the  rearrangement  of  tracks 
and  yards  will  be  so  thorough  that  the  present  railroad  map  through 
this  territory  will  scarcely  be  recognizable.  The  present  Twelfth 
Street  classification  yard  will  be  increased  in  capacity  10  per  cent, 
from  its  total  of  133  cars,  but  the  Fourteenth  Street  team  yard 
will  be  moved  and  three  new  engine  houses  built  there,  each  to 
be  served  by  electric  transfer  tables.  About  200  car  capacity 
of  the  present  Sixteenth  Street  freight  team  yard,  including  the 
coal  business,  will  be  removed  to  Compton  Avenue,  leaving  only 
about  158  car  capacity  of  the  yard  for  team  delivery  of  carload 
merchandise,  enabling  us,  therefore,  to  increase  our  Seventeenth 
Street  coach  storage  yard  from  a  capacity  of  75  cars  to  hold  at 

least  235  80-foot  coaches.  The  ̂ removal  of  the  present  engine  house 
and  machine  shops  to  East  Madison  will  enable  us  to  place  in  that 

locality  an  engine-coaling  yard,  to  accommodate  all  eastern  and 
terminal  engines  using  Union  Station.  The  coaling  yard  will  be 

centered  about  a  1000-ton  capacity  coaling  station,  equipped  with 
all  the  latest  devices  for  the  rapid  watering,  coaling  and  sanding 
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of  engines.  Cleaning  pits  -will  be  located  beneath  the  building, 
enabling  the  ashes,  as  well  as  all  coal  and  sand,  to  be  handled 

with  link-belt  machinery. 

The  area  just  east  of  Twenty-first  Street,  cleared  of  the  team 
yard,  transferred  to  Compton  Avenue,  and  the  old  coach  storage 
yard,  moved  to  Atlantic  Street,  has  been  covered  with  a  new  small 

coach-storage  yard  of  about  90  cars  capacity,  intended  to  hold 
special  and  private  cars  near  the  station,  where  they  may  be  quickly 

reached  in  making  up  trains,  and  also  with  a  45-car  head-end 
yard,  provided  with  lo-foot  roadways  between  tracks  and  timber- 
floored  throughout  to  enable  access  by  both  trucks  and  wagons 

to  such  train  head-end  stuff  as  baggage,  milk,  theatrical  parapher- 
nalia and  carload  mail.  In  the  same  vicinity,  just  east  of  the 

new  express  houses  to  be  rebuilt,  on  the  west  side  of  the  approach 
into  Union  Station,  in  order  to  enable  the  laying  of  the  new  track 
arrangement  at  that  point,  is  also  built  an  express  yard,  holding 
about  thirty  cars,  and  so  arranged  that  each  of  the  express  houses 
will  have  trucking  access  to  two  tracks.     (See  Fig.  3.) 

Between  Ewing  and  West  Jefferson  Avenue  is  being  built 

a  coach-storage  yard,  large  enough  to  accommodate  245  80-foof 
cars,  with  additional  repair  capacity  of  20  cars.  This  yard  will 

provide  for  all  coaches  taken  from  the  present  Twenty-first  Street 
District,  and  some  in  addition.  A  small  power  house,  of  250  horse 
power,  is  being  installed  in  this  yard  to  furnish  steam  for  car 

heating.  Air  for  cleaning  purposes  and  for  air-brake  testing,  as 
well  as  water  for  washing  cars,  is  being  piped  all  over,  and  the 

yard  is  to  be  provided  with  convenient  coal  bins,  car-repair  store- 
rooms, wheel  yards,  etc.,  so  that  economical  care  of  coaches  is 

insured.     (See  Fig.  4.) 

At  Compton  Avenue,  the  present  team  yard  of  232  cars 
capacity  will  be  enlarged  to  hold  about  630  cars.  In  this  bulking 
yard  will  be  handled  large  quantities  of  coal  and  carload  goods  of 
all  kinds,  destined  for  local  consumption  in  the  central  and  western 

part  of  the  city.  The  present  plans  contemplate  the  building,  from 

Grand  Avenue  to  Union  Station,  of  two  main-line  tracks,  on 
which  to  handle  all  western  passenger  business  and  to  direct  its 
movements  into  the  station.  At  the  station  itself  improvements 
of  large  conception  are  being  carried  out,  all  of  which  are  designed 
to  increase,  in  various  ways,  the  present  cramped  facilities  at  this 
Union  Station,  which,  when  it  was  opened  for  service,  September 
2,  1894,  was  thought  to  be  so  large  that  it  would  require  a  city 

growth  of  at  least  twenty-five  years  before  it  wouM  be  overtaxed 
in  anv  manner. 
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The  St.  Louis  Union  Station  handles  a  kind  of  husiness  pecu- 
liarly its  own;  for,  instead  of  being  a  terminal  station  in  the  true 

sense  of  the  word,  such  as  Boston  or  New  York,  or  an  interme- 
diate station,  such  as  Pittsburg  or  Philadelphia,  it  is  essentially 

a  transfer  station.  Lines  from  the  East,  West,  North  and  South 

bring  in  solid  trains  of  cars,  which,  almost  without  exception,  stop 
at  this  point,  but  each  of  which  brings  passengers,  mail,  baggage 
and  express  for  interchange  and  distribution  among  all  others. 
Another  fact  explaining  the  necessity  for  large  train  space  is  that 
the  percentage  ratio  of  suburban  and  through  traffic,  as  compared 

Avith  other  large  cities,  is  remarkably  small.  Out  of  the  135  out- 
bound and  135  inbound  daily  trains,  scheduled  on  a  time-table  dated 

August  30,  1903,  not  more  than  10  per  cent,  is  suburban  business. 
However,  it  is  believed,  that  if  the  capacity  of  the  present  32 
tracks  in  the  train  shed,  which  now  hold  trains  of  from  4  to  10 

cars,  is  increased,  by  lengthening  all  the  tracks  to  a  uniform  capacity 
to  hold  10  or  II  cars,  it  will  be  readily  possible  to  take  care  of 

all  business  by  providing,  at  the  same  time,  sufficient  outside  coach- 
storage  room  to  obviate  the  necessity  of  using  the  train  shed  for 
that  purpose,  and  also,  by  so  arranging  the  leads  into  the  train  shed 
that  accumulative  delays  due  to  fog  or  unusual  conditions  are 
reduced  to  a  minimum. 

The  present  track  layout  shows  four  tracks  in  the  neck  of 
the  lead  approaches  into  the  train  shed ;  but,  due  to  the  lack  of 

proper  connections  and  to  the  necessary  method  of  handling  busi- 
ness, seldom  more  than  three  and  usually  not  more  than  two 

simultaneous  moves  are  permissible  at  this  point.  With  the  pur- 
posed arrangement,  resembling  in  appearance  two  huge  bottles, 

it  will  be  possible  to  make  six  parallel  moves  through  the  necks, 

and,  with  the  numerous  cross-overs  and  double  slips,  the  number 
of  possible  moves  will  be  almost  unlimited.  (See  Fig.  5.)  With 
the  head  house  on  Market  Street  fixing  the  location  on  the  north, 
and  the  Missouri  Pacific  tracks  determining  the  southern  limit,  the 
only  possible  directions  for  enlargement  of  the  present  track  plan 
were  east  and  west,  and  compelled  the  relocation  of  the  express 
buildings  and  power  house.  In  addition  to  the  six  main  leads  above 
mentioned,  movements  to  and  from  the  yards  will  be  possible  along 

the  adjacent  express,  coach-storage  and  engine  leads.  This  radical 
track  rearrangement  necessitated  the  replacement  of  the  present 

large  131-lever  electro-pneumatic  plant  now  in  operation,  with  an 
entirely  new  system  of  interlocked  switches  and  signals. 

Due  largely  to  the  manner  in  which  business  must  be  handled, 

a.nd  partly  to  the  arrangement  of  present  tracks,  the  number  of 
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trains  moving-  into  and  out  of  the  station,  necessary  to  receive  and 
dispose  of  a  train  are  Aery  great.  Each  train  movement  requires 

the  throwing  of  several  levers  on  the  interlocking  machine,  and 

the  number  of  lever  movements  for  one  day  is  very  large.  For 

comparison  we  have  the  following  for  ]^Iav  ii,  1902,  as  taken 

from  a  report  by  the  former  superintendent  of  telegraph,  Mr.  E.  A. 
Chenery : 

Description. 

Scheduled  train.s.  in  and  out 
Light  engine  movements... 
Switching  movements    
Passenger   movement^;    .  . . 
Freight  movements     
Total  train  movements          1.835 
Total  lever  movements   

Average  train  movement  per 
train   scheduled      

Average  lever  movement  per 
train  scheduled         in. 41 

In  explanation  of  the  fact  that,  while  South  Boston  has  nearly 

four  times  as  many  trains  as  we  have,  our  train  movements  are 

nearly  as  large  and  our  average  moves  per  train  are  145  per  cent. 

greater,  it  is  only  necessary  to  study  the  head-end  movements  for 
handling  baggage,  mail  and  express.  Taking  as  one  example  the 

make-up  of  an  evening  western  passenger  train,  we  have  the  fol- 
lowing : 

1.  Switch  engine  with  coaches  and  sleepers  into  train  shed. 

2.  Switch  engine  light  out  of  train  shed. 

3.  Switch  engine  light  into  mail  track. 

4.  Switch  engine  with  mail  car  out  of  mail  track. 

5.  Switch  engine  with  mail  car  into  train  shed. 

6.  .Switch  engine  light  out  of  train  shed. 

7.  Switch  engine  light  into  express  track. 

8.  Switch  engine  w-ith  express  car  out  of  express  track. 

9.  Switch  engine  with  express  car  into  train  shed. 

10.  Switch  engine  light  out  of  train  shed. 

11.  Road  engine  light  into  train  shed. 

12.  Train  complete  out  of  train  shed. 

Instead  of  one  tower,  as  at  present,  due  to  the  great  distance 

covered  on  the  new  plan,  and  the  convenient  grouping  of  switches, 

and  to  train  movements  at  certain  points,  it  is  thought  better  to 

subdivide  the  machine  into  three  towers,  interlocked  between  them- 
selves, and  governed  by  a  chief  operator  located  at  the  central 

station.     These   three   towers,   combining   in   one   system   215,   47 
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and  47  levers  respectively,  will  control  the  largest  interlockin.t;'  plant 
in  the  world. 

Comparison   of    Interlocking    SvsxEiis. 
St.  Louis 

St.  Louis  Present  Pittsburg  Boston 
Description.  New  Union  Sta.   Union  Sta.  Penna.  R.  R.  Sta.    South  Sta. 

Year  installed           1903  1893  1902  1899 

Number   of   towers    314  3 
Total  number  of  levers              309  131  287  165 

Total  number  of  working- 
levers              258  loi  2+2  150 

Number     levers     in      largest 

macbine             215  131  131  143 
Total     number     of     switches 

operated              107  61  68  57 

Total  number  of  double  slips 

(M.  P.  F.)...    6s  12  76  39 

Total      number      of      signals 

operated              233  105  167  144 

The  Union  Switch  and  Signal  Company's  electro-pneumatic 
system  is  being  installed,  and  it  is  assured,  with  the  scheme  for 

handling  trains  over  the  new  layout,  that  both  the  train  and  lever 

movements  w-ill  be  materially  reduced.  The  99-foot  by  146-foot 
power  house,  as  relocated  near  Eighteenth  Street  Bridge,  will  be 

fireproof  throughout,  and  will  have  a  capacity  of  2750  horse  power. 

The  fen  pairs  of  boilers,  fed  by  automatic  stokers  drawing  from 

coal  automatically  delivered,  are  connected  to  a  large  stack  200 

feet  high.  The  Westinghouse  marine  and  compound  engines  are 

directly  connected  to  generators  delivering  current  at  high  voltage 

for  light  and  power.  The  mechanical  equipment  includes,  besides 

the  usual  complement  of  pumps  and  feed-water  heaters,  air  com- 

pressors, etc.,  three  pumps  for  operating  the  (39)  hydraulic  ele- 

vators in  the  proposed  baggage  and  mail  buildings  and  in  the  sub- 
way system  to  be  presently  described.  For  moving  machinery  in 

the  engine  room  a  15-ton,  42-foot,  hand-power  crane  has  been 
installed. 

New  Express  buildings  are  being  built  for  each  of  the  Adams, 

Pacific,  American,  Wells  Fargo  and  United  States  Express  Com- 
panies. This  group  comprises  a  solid  block,  extending  southwardly 

from  Twentieth  Street  and  Clark  Avenue,  and  is  to  be  two-storied, 

with  basement,  brick,  slow-combustion  buildings,  furnishing  a  large 
percentage  of  increase  in  room  required  to  handle  the  expanding 

business.  A  new  large  baggage  building  and  a  mail  building  have 

been  planned,  and  are  to  be  erected  in  the  near  future  directly 

adjacent  to  the  train  shed.  The  train  shed  is  being  extended  180 

feet  south,  in  order  to  protect  the  longer  trains  possible  under  the 
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new  plan,  and  also  shield  the  main  subway  built  beneath  the  tracks. 
The  train  shed,  exclusive  of  the  midway  (70  feet  by  601  feet), 
will  then  be  the  largest  in  the  country,  if  not  in  the  world,  and 

will  cover  (601  feet  by  810  feet  long-)  11. 18  acres  and  contain  6 
miles  of  track. 

In  connection  with  all  these  Union  Station  improvements  there 

is  being  built,  to  facilitate  the  handling  of  baggage,  mail  and 
express,  a  large  system  of  underground  subways.  This  subway 

scheme,  embodying  a  very  comprehensive  plan  for  the  rapid  hand- 
ling of  all  baggage  and  such  portion  of  the  mail  and  express 

business  as  is  handled  in  the  train  shed  on  trucks,  is  believed  to  be 

an  entirely  new  departure  on  such  a  large  scale  from  any  existing 
facilitv  of  the  kind  ever  constructed  in  a  large  railway  station, 

Its  usefulness,  in  particular,  is  due  to  two  general  principles :  First, 
that  business  recjuiring  to  be  handled  in  a  limited  space  of  time  is 
;o  located  and  concentrated  as  to  give  short  hauls,  and  yet  is  not 

so  crowded  as  to  interfere  with  rapid  movement;  and,  secondly, 
that  the  grade  crossing  of  trucks  and  trains  is  eliminated.  These 
two  things  are  desirable  at  any  station,  but  particularly  so  in  St. 

Louis  where  trucking  distances  are  very  great  and  where  inter- 
ference of  business,  due  to  the  crossing  on  grade  of  trucks  and  cars, 

is  very  serious. 
The  truck  runway,  crossing  the  tracks  at  this  station,  is  near 

the  south  end  of  the  train  shed,  and  in  the  busy  morning  and 

ening-  periods,  when  trains  are  arriving  and  departing  every 
iiinute  or  so,  when  switching  movement  is  almost  continuous  and 

when  rapid  interchanges  of  large  quantities  of  baggage,  mail  and 

express  are  necessary,  the  cpngestion  is  very  great.  Another  fea- 
ture which  adds  to  the  time  of  delays  is  the  fact  that  it  is  necessary 

to  cut  long  trains  at  this  runway  in  order  to  leave  the  passage  open. 
Then,  when  the  train  is  still  within  a  few  minutes  of  leaving  time, 
the  train  must  be  backed  together  and  coupled  up,  in  order  to  try 

air-brakes  and  connections.  The  subway  plan  will  obviate  all  this 
interference  and  delay,  and,  because  of  its  large  scope,  it  should 
serve  for  a  number  of  years  the  rapid  and  economical  handling 
of  this  class  of  matter. 

For  convenience,  the  subway  system  is  divided  into  the  Main 

Subway  and  the  North,  South,  East  and  West  and  Express  Sub- 
ways.    (See  Fig.  6.) 

The  Main  Subway,  paralleling  the  south  end  of  the  train 
shed  and  crossing  each  of  the  32  tracks,  runs  from  Eighteenth  Street 
to  Twentieth  Street,  a  distance  of  600  feet,  and  has  a  width  of  three 

ordinary  streets,  or  about  120  feet.     This  120  feet  is  divided,  by 
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two  rows  of  columns  and  the  south  wall,  into  a  40-foot  baggage 
storeroom  on  the  north  side,  equipped  with  an  elevator  between 

every  two  pairs  of  tracks ;  a  30-foot  street  adjacent  for  use  of  bag- 
gage wagons ;  another  30-foot  street  for  use  of  mail  and  express 

wagons  and  trucks,  and  the  south  20  feet  for  a  line  of  elevators- 
to  be  used  for  express  and  mail  of  all  kinds.     (See  Fig.  7.) 

These  elevators  are  large  enough  for  truckloads  of  baggage 

4000  pounds  in  weight,  and  run  at  rate  of  150  feet  per  minute 
from  the  subway  floor  either  to  the  platform  above  or  to  the  height 
of  the  platform  of  a  car,  4  feet  more.  Approaches  to  the  Main 
Subway  are  to  be  built  from  both  Eighteenth  Street  and  Twentieth 
Street,  so  that  there  will  be  a  wagon  entrance  at  both  ends.  Wagons 
loaded  with  baggage,  mail  or  express  can  then  come  from  any 
part  of  the  city,  drive  into  the  main  subway,  stop  immediately 
underneath  the  train  frvr  w^hich  its  material  is  destined,  load  its 
contents  either  on  trucks  or  on  the  elevator  and  have  it  raised 

rapidly  to  the  cars  already  coupled  on  the  trains.  The  north  40 
feet  of  this  subway  is  provided  with  the  necessary  gates,  scales 
and  check  devices  for  the  rapid  handling  of  baggage  as  delivered. 

The  North  Subway  is  a  small  subway  running  north  and  south 
under  the  train  shed,  from  the  head  house  to  the  Main  Subway, 
between  tracks  16  and  17.  It  is  12  feet  wide  by  9  feet  clear,  and 
is  to  be  used  for  trucking  hand  baggage  from  a  receiving  check 
room,  to  be  placed  in  the  main  waiting  room,  to  the  Main  Subway. 
It  will  also  serve  to  carry  a  number  of  pneumatic  tubes  between 
the  same  points,  to  be  used  as  a  means  of  transmitting  baggage 
checks,  similar  to  the  operation  of  such  tubes  in  department  stores. 
There  will  be  room  also  for  steam  pipes  and  wires,  etc.,  up  to  the 

head  house.  The  South  Subway,  running  south  from  and  in  the 
center  of  the  Main  Subway,  is  merely  a  connecting  link  between 
it  and  the  East  and  West  Subways.  It  is  25  feet  wide  by  12  feet 
clear,  and  has  along  its  walls  niches  for  a  sump,  a  transformer 
vault  and  an  ice  storehouse  of  small  capacity. 

The  East  Subway  runs  from  the  South  Subway  over  to  the 
power  house,  an.d,  although  20  feet  wide,  has  only  8  feet  clearance 
for  the  passage  of  numerous  pipes  and  wires  from  the  power  house. 

The  West  Subway  is  a  continuation  of  the  East  Subway,  ex- 
tending west  from  the  South  Subway  to  the  express  building.  It 

is  20  feet  wide  by  12  feet  clear. 

The  Express  Subway  is  a  small  subwa}^  12  feet  wide  by  14 
feet  clear,  running  parallel  to  all  the  express  buildings  and  connect- 

ing same  to  the  West  and  Main  Subways.  The  basements  of  all 
the  express  buildings  are  on  the  same  level  as  the  subway  floor. 
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Each  express  building  is  equipped  with  elevators,  and  it  is  expected 
that  trucks  will  be  taken  from  these  buildings  via  the  Express 
or  West  and  South  Subways  to  the  elevators  along  the  south  wall 
of  the  [Main  Subway,  and  up  these  to  the  cars. 

It  is  the  intention  to  connect  the  basements  of  the  baggage 

and  mail  buildings  with  the  subways  in  the  same  manner  as  the 
express  buildings. 

The  above  describes,  in  a  hasty  manner,  the  idea  of  the  subway 
system,  but  I  will  not  at  this  time  go  into  details  of  its  construction 
or  design,  but  will  merely  add  that  the  subways  are  to  be  roofed 
over  and  well  paved.  A  heavy  steel  girder  construction  is  employed 

to  carr\^  the  tracks  over  the  i\Iain  Subway. 
The  foregoing  description  of  the  various  improvements  covers, 

I  believe,  in  a  general  way,  the  work  being  done  or  contemplated 
in  the  near  future,  but,  in  order  to  refrain  from  taking  too  much 
of  your  time,  I  have  not  mentioned  many  of  the  things  embodied 
in  the  construction  of  yards  and  buildings  under  the  very  wheels 

of  frequent  traffic,  or  of  details  in  design.  The  work  is  being  exe- 
cuted at  the  cost  of  millions  of  dollars,  and  had  not  the  city  fathers 

been  so  unwise  as  to  discourage  improvements  in  railroad  entrance 

ways  to  St.  Louis  it  is  likely  that  even  still  greater  undertakings 
would  have  been  built. 

With  the  improvements  and  additions  mentioned,  however, 

and  with  present  ones  already  in  service,  together  with  the  addi- 
tions and  changes  which  nearly  every  road  entering  this  territory 

is  making  on  its  own  accord,  I  have  no  hesitancy  in  saying  that 
St.  Louis,  in  her  railroad  facilities,  will  be  second  to  no  city  in  the 
Union, 

In  making  proper  acknowledgment  I  should  like  to  add  that 
all  these  improvements  are  being  made  under  the  direct  supervision 
of  Mr.  W.  S.  McChesney,  Jr.,  president  and  general  manager ; 

Mr.  Daniel  Breck,  general  superintendent,  and  Mr.  J.  L.  Arm- 
strong, engineer.  Maintenance  of  Way.  Mr.  E.  F.  Kearney  is 

superintendent;  Mr.  T.  X.  Gilmore,  master  mechanic;  Mr.  G.  F. 

Brooks,  track  supervisor,  and  Mr.  J.  A.  Johnson,  signal  engineer, 
for  the  T.  R.  R.  A.  The  St.  Louis  Belt  and  Terminal  has  Mr. 

B.  E.  Johnson  for  its  chief  engineer. 

The  writer,  as  assistant  engineer  to  the  Terminal  Railroad 
Association,  is  particularly  in  charge  of  construction  work  in  the 
St.  Louis  District,  and  has  the  able  assistance  of  Mr.  E.  C.  Dicke. 

Messrs.  Brenneke  &  Fay  have  looked  after  steel-work  design; 
Westinghouse,  Church,  Kerr  &  Co.  are  providing  power,  and 
Percival  &  Jones  are  installing  elevators. 
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Showing  the  locations  of  the  Societies  forming 

THE    ASSOCIATION    OF    ENGINEERING    SOCIETIES. 

(Each  dot  represents  a  membership  of  one  hundred,  or  fraction  thereof  over  fifty. 
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ASSOCIATION    OF   ENGINEERING  SOCIETIES. 

Ai'ticles  of  Association. 

The  following  Articles  of  Association  were  adopted  at  a  meeting  held 

in  Chicago,  December  4,  1S80.  At  this  meeting  there  were  present  repie- 
sentatives  of  the 

^^'estern  Societ}-  of  Engineers, 
Civil  Engineers'  Club  of  Cleveland, 

Engineers'  Club  of  St.  Louis, 
and  the 

Boston  Society  of  Civil  Engineers 
was  represented  by  letter. 

For  the  purpose  of  securing  the  benefits  of  closer  union  and  the 

advancement  of  mutual  interests^  the  engineering  societies  and  clubs 
hereunto  subscribing  have  agreed  to  the  following 

ARTICLES  OF  ASSOCIATION. 

ARTICLE  I. 

NAME    AND    OBJECT. 

The  name  of  this  Association  shall  be  "The  Association  of  Engi- 

neering Societies."  Its  primary  object  shall  be  to  secure  a  joint  publi- 
cation of  the  papers  and  the  transactions  of  the  participating  Societies. 

ARTICLE  II. 

organization. 

Section  i.  The  affairs  of  the  Association  shall  be  conducted  by  a 

Board  of  Managers  under  such  rules  and  by-laws  as  they  may  determine, 

subject  to  the  specific  conditions  of  these  articles.  The  Board  shall  con- 
sist of  one  representative  from  each  Society  of  one  hundred  members  or 

less,  with  one  additional  representative  for  each  additional  one  hundred 

members,  or  fraction  thereof  over  fifty.  The  members  of  the  Board  shall 
be  appointed  as  each  Society  shall  decide,  and  shall  hold  office  until  their 
successors  are  chosen. 

Sec.  2.  The  officers  of  the  Board  shall  be  a  Chairman  and  Secretary, 

the  latter  of  whom  may  or  may  not  be  himself  a  member  of  the  Board. 

ARTICLE  III. 

DUTIES    OF    OFFICERS. 

Section  i.  The  Chairman,  in  addition  to  his  ordinary  duties,  shall 

countersign  all  bills  and  vouchers  before  payment  and  present  an  annual 
report   of  the   transactions   of   the   Board ;    which    report,    together   with    a 
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synopsis    of    the    other    general    transactions    of    the    Board    of    interest    to 
members,  shall  be  published  in  the  Journal  of  the  Association. 

Sec.  2.  The  Secretary  shall  be  the  active  business  agent  of  the  Board 
and  shall  be  appointed  and  removed  at  its  pleasure.  He  shall  receive  a 

compensation  for  his  services  to  be  fixed  from  time  to  time  by  a  two- 
thirds  vote.  He  shall  receive  and  take  care  of  all  manuscript  copy  and 
prepare  it  for  the  press,  and  attend  to  the  forwarding  of  proof  sheets 
and  the  proper  printing  and  mailing  of  the  publications.  He  shall  have 

power,  with  the  approval  of  any  one  member  of  the  Board,  to  return 
manuscript  to  the  author  for  correction  if  in  bad  condition,  illegible  or 
otherwise  conspicuously  deficient  or  unfit  for  publication.  He  shall  certify 

to  the  correctness  of  all  bills  before  transmitting  them  to  the  Chairman 

for  counter-signature.  He  shall  receive  all  fees  and  moneys  paid  to  the 
Association  and  hold  the  same  under  such  rules  as  the  Board  shall  pre- 
scribe. 

ARTICLE  IV. 

PUBLICATIONS. 

Section  i.  Each  Society  shall  decide  for  itself  what  papers  and  transac- 
tions of  its  own  it  desires  to  have  published,  and  shall  forward  the  same  to 

the  Secretary. 

Sec.  2.  Each  Society  shall  notify  the  Secretary  of  the  minimum 

number  of  copies  of  the  joint  publications  which  it  desires  to  receive,  and 

shall  furnish  a  mailing-list  for  the  same  from  time  to  time.  Copies  ordered 
by  any  Society  may  be  used  as  it  shall  see  fit.  Payments  by  each  Society 
shall  in  general  be  in  proportion  to  the  number  of  copies  ordered,  subject 

to  such  modification  of  the  same  as  the  Board  of  Managers  may  decide,  by 

a  two-thirds  vote,  to  be  more  equitable.  Assessments  shall  be  quarterly  in 
advance,  or  otherwise,  as  directed  by  the  Board. 

Sec.  3.  The  publications  of  the  Association  shall  be  open  to  public 

subscription  and  sale,  and  advertisements  of  an  appropriate  character  shall 
be  received,  under  regulations  to  be  fixed  by  the  Board. 

Sec.  4.  The  Board  shall  have  authority  to  print  with  the  joint  publi- 
cations such  abstracts  and  translations  from  scientific  and  professional  jour- 

nals and  society  transactions  as  may  be  deemed  of  general  interest  and  value. 

ARTICLE  V. 

conditions    of    PARTICIPATION. 

Section  i.  Any  Society  of  Engineers  may  become  a  member  of  this 
Association  by  a  majority  vote  of  the  Board  of  Managers,  upon  payment 

to  the  Secretary  of  an  entrance  fee  of  fifty  cents  for  each  active  member, 
and  certifying  that  these  Articles  of  Association  have  been  duly  accepted 

by  it.  Other  technical  organizations  may  be  admitted  by  a  two-thirds  vote 
of  the  Board,  and  payment  and  subscription  as  above. 

Sec.  2.  Any  Society  may  withdraw  from  this  Association  at  the  end 

of  any  fiscal  year  by  giving  three  months'  notice  of  such  intention,  and 
shall  then  be  entitled  fo  its  fair  proportion  of  any  surplus  in  the  treasury,  or 

be  responsible  for  its  fair  proportion  of  any  deficit. 

Sec.  3.  Any  Societ}-  may,  at  the  pleasure  of  the  Board,  be  excluded 

from  this  Association  for  non-payment  of  dues  after  thirty  days'  notice 
from  the  Secretary  that  such  payment  is  due. 
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ARTICLE  VI. 

AMENDMENTS. 

These  articles  may  be  amended  by  a  majority  vote  of  the  Board  of 

Managers,  and  subsequent  approval  by  two-thirds  of  the  participating  So- 
cieties. 

ARTICLE  VII. 

TIME  OF  GOIXG   INTO   EFFECT. 

These  articles  shall  go  into  effect  whenever  they  shall  have  been  ratified 

by  three  Societies,  and  members  of  the  Board  of  Managers  appointed.  The 

Board  shall  then  proceed  to  organize,  and  the  entrance  fee  of  fifty  cents 
per  member  shall  then  become  payable. 

These  articles  were  adopted  by  the  several  Societies  upon  the  following 
dates : 

Engineers'  Club  of  St.  Louis,  January  5,  1881. 

Civil  Engineers'  Club  of  Cleveland,  January  8,  1881. 
Boston  Society  of  Civil  Engineers,  January  19,  1881. 
Western  Society  of  Engineers,  April  5,  1881. 

The  Board  of  }klanagers  was  organized  at  a  meeting  held  in  Cleveland, 

Ohio,  January  11,  1881. 

The  following  Societies  have  since  certified  their  acceptance  of  the 

articles,  and  have  become  members  of  the  Association  of  Engineering  So- 
cieties : 

Engineers'  Club  of  Minneapolis,  July,  1884. 

Civil  Engineers'  Society  of  St.  Paul,  December,  1884. 
Engineers'  Club  of  Kansas  City,  January,  1887. 
Montana  Society  of  Civil  Engineers,  April,  1888. 

Wisconsin  Polytechnic  Society,  June,  1892. 

Denver  Society  of  Civil  Engineers,  January  24,  1895. 

Association  of  Engineers  of  Virginia,  February  i,  1895. 

Technical  Society  of  the  Pacific  Coast,  March  i,  1895. 

Detroit  Engineering  Society,  January,   1897. 

Engineers'  Society  of  Western  New  York,  January,  1898. 
Louisiana  Engineering  Society,  September  15,  1898. 

Engineers'  Club  of  Cincinnati,  January,  1899. 
Toledo  Society  of  Engineers,  January  11,  1904. 

The  Wisconsin  Polytechnic  Society  withdrew  from  the  Association  in 
March,  1894. 

The  Western  Society  of  Engineers  withdrew  in  December,  1895. 

The  Engineers'  Club  of  Kansas  City  disbanded  at  the  close  of  1896. 
The  Denver  Society  of  Civil  Engineers  and  the  Association  of  Engi- 

neers of  Virginia  disbanded  in  1898. 

For  the  Engineers'  Qub  of  Cincinnati  see  footnote  to  Appendix  F, 

Secretary's  Annual  Report  for  1902,  Vol.  XXX,  No.  i,  page  57,  January,  1903. 
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RULES. 

(A)   RULES  OF  THE  BOARD  OF  MANAGERS. 

Adopted,  Chicago,  June  ii,  1881.    Vol.  I,  No.  i,  November,  1881,  page  5. 

1.  Questions  may  be  decided  without  a  meeting  of  the  Board,  by  cor- 
respondence. Motions  shall  be  made  and  seconded  and  then  forwarded  to 

the  President,  and  by  him  communicated  to  each  member  of  the  Board,  to 
be  voted  upon  by  letter  ballot. 

2.  Motion  unanimously  adopted  favoring  an  independent  monthly  pub- 
lication, embracing  in  each  issue  the  proceedings  and  papers  of  each  Societ}'. 

3.  On  motion,  it  was  decided  that  the  matter  of  each  Society  should  be 

placed  separately  in  the  pamphlet,  under  the  proper  heading,  the  positions 
to  be  arranged  in  the  order  of  the  rate  of  organization. 

Adopted,  New  York,  June  22,  1882.     Vol.  II,  No.  3,  January,  1883,  page  107. 

4.     Each  assessment  proportioned  to  the   Societies  on  the  basis  of  the 

number  of  copies  of  the  Journal  taken  at  the  time  the  assessment  is  made. 

Adopted,    New   York,    September   4,    1884.      Vol.    Ill,    No.    12,    October, 
1884,  page  329. 

5.  That  the  names  and  addresses  of  the  officers  of  each  Society  be 

printed  upon  the  second  page  of  the  cover  of  the  Journal. 
6.  That  in  the  opinion  of  this  Board  it  is  desirable  that  papers  read 

before  the  Societies  of  this  Association  should  not  be  published  in  pro- 
fessional periodicals  previous  to  being  published  by  the  Association;  that 

there  is  no  objection  to  publishing  them  in  whole  or  in  part  in  local  news- 
papers. 

7.  That  the  Secretary  be  instructed  to  insert  in  the  Journal  the  fol- 
lowing: Editors  reprinting  articles  from  this  Journal  are  requested  to 

credit  both  the  Journal  and  the  Society  before  which  such  articles  were 
read. 

8.  That  the  Chairman  be  authorized  to  arrange  for  publishing  in  the 

Journal  an  index  of  engineering  reports  and  Society  transactions,  and 
abstracts  of  such  reports  and  transactions  as  may  be  found  desirable. 

Adopted,    Chicago,   September   11,    1891.     Vol.   N,   No.    10,   October, 

1891,  page  511. 

9.  A  discussion  on  the  value  and  quantity  of  matter  sent  to  the  Secre- 
tary for  publication  resulted  in  the  opinion  that  final  control  should  rest 

with  the  Board.    

The  following  suggestions  of  a  committee  were  adopted  : 

10.  That,  beginning  with  the  January  number,  1892,  a  Secretary  be 

employed  at  a  salary  of  not  to  exceed  $600  per  annum,  who  shall  conduct 

all  the  correspondence  and  other  business  pertaining  to  the  office,  and  who 
shall  also  be  employed  to  publish  the  Journal  at  standard  current  prices, 

keeping  a  strict  account  of  all  receipts  and  expenditures,  and  render  an 
account  of  the  same  to  the  Chairman  of  this  Board,  on  whose  approval 

the  accounts  may  be  allowed. 
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11.  That  the  Chairman  of  the  Board  should  audit  all  bills  and  accounts, 

and  collect  from  each  Society,  quarterh',  their  pro  rata  of  the  estimated 
net  cost  of  the  publication,  and  at  the  end  of  each  volume  he  should  make 

a  report  to  the  Board,  to  be  published  in  the  Journal,  giving  a  classified 

statement  of  all  receipts  and  expenditures,  which  report  should  be  subject 

to  the  inspection  and  approval  of  the  Board. 

12.  That  each  Society  in  the  Association  be  allowed  one-half  the 

receipt's  from  all  advertisements  sent  in  by  its  Secretary  to  the  Journal, 

and  that  such  sums  be  placed  to  its  credit  on  the  Secretary's  books  and 
deducted  from  its  pro  rata  portion  of  the  cost  of  publication,  and  that  the 

same  commission  be  allowed  the  Secretary  of  the  Board,  in  addition  to  his 

salary,  on  all  new  advertisements  he  may  procure. 

Adopted,  Chicago,  August  3.  1893.     Vol.  XII,  No.  7,  July,  1893,  page  380. 

13.  Rules  governing  the  Election  of  Officers  of  the  Board  of  Man- 
agers of  the  Association  of  Engineering  Societies : 

(i)  The  term  of  office  of  the  Chairman  and  that  of  the  Secretary  and 

Treasurer  shall  be  two  (2)  years,  and  shall  begin  on  January  ist,  of  the 

even  years,  but  they  shall  remain  in  office  till  their  successors  are  chosen. 

(2)  The  election  of  officers  shall  occur  at  any  time  at  a  called  meeting 

of  the  Board,  or  by  letter  ballot,  between  October  ist  and  December  ist  of 
the  odd  years. 

(3)  If  the  election  is  by  letter  ballot,  without  a  meeting  of  the  Board, 

the  Chairman  shall,  through  the  Secretary,  give  notice  of  such  election 

prior  to  October  loth  of  the  odd  years,  and  shall  also  give  notice,  at  the 

same  time,  of  the  appointment  of  two  tellers  in  one  city,  members  of  the 

Board,  but  not  officers  of  the  same,  to  whom  the  votes  shall  be  mailed. 

These  tellers  shall  open  the  ballots  on  November  ist,  and  report  the  result 
to  the  Chairman  of  the  Board.  If  no  one  has  received  a  majority  of  the 

votes  cast  for  either  office,  the  Chairman  shall  order  a  new  ballot,  similar 

to  the  first,  but  limiting  the  names  voted  for  to  the  two  receiving  the  higliest 
number  of  votes  for  that  office  on  the  first  ballot.  The  tellers  shall  open 

the  second  ballot  on  December  ist,  and  report  as  before.  The  Chairman 
shall  then  announce  the  result  of  the  ballot  to  all  the  members,  and  the 

new  officers  shall  act  from  the  beginning  of  the  following  calendar  year. 

(4)  Vacancies  in  the  offices  of  the  Board  may  be  filled  at  any  time, 

either  by  a  meeting  of  the  Board  or  by  letter  ballot  as  described  in  Section 

3.  In  a  case  of  a  vacancy  occurring,  the  remaining  officer  shall  discharge 

the  duties  of  both  till  the  vacancy  is  duly  filled. 

Other  rules  adopted  August  3,  1903. 

14.  That  each  Society,  member  of  this  Association,  be  credited  with 

90  per  cent,  of  the  receipts  from  all  advertisements  sent  in  to  the  Journal 

bj'  said  Society  until  January  i,   1895. 
15.  That  future  Journals  be  issued  with  cut  leaves. 

16.  That  the  Constitution  be  reprinted  in  portable  form,  with  all  sub- 
sequent additions,  together  with  report  of  these  proceedings. 

17.  That  the  Secretary  be  requested  to  see  that  cuts  published  with 

linear  scales  bear  metric  scales,  unless  objection  is  made  by  the  authors. 

3 
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Adopted  by  letter  ballot,  submitted  ]\Iay   15,    1894. 

18.  Advertising  rates  of  the  Journal  increased  50  per  cent. 

19.  Proportion  of  the  net  proceeds  of  advertisements  credited  to  any 
Society  limited  to  50  per  cent. 

20.  Number  of  extra  copies  of  the  Journal  sent  to  members  of  the 
Board  made  five. 

21.  Number  of  copies  of  the  Journal  to  be  printed,  over  and  above 
the  mailing  list,  250.    

Adopted  by  letter  ballot,  submitted  December  18,  1894. 

22.  Secretary  authorized  to  print  advance  copies  of  papers,  and  send 

'Out  the  same  for  discussion  to  all  members  of  the  Association  indicated  to 
him  by  the  writer,  or  otherwise,  or  to  such  as  may  request  copies,  provided 

the  Society  in  which  the  paper  originates  is  charged  with  the  extra  cost 
of  same.    

Adopted  by  letter  ballot,  submitted  June  20,  1895. 

Rules  Proposed  by  the  Western  Society  of  Engineers. 

23.  The  object  of  the  Journal  is  to  print  the  papers  and  transactions 

■of  the  Societies,  and  it  is  not  for  the  purpose  of  establishing  a  professional 
monthly  magazine. 

24.  The  amount  of  matter  must  be  restricted  to  that  which  can  be 

published  at  a  cost  of  $3  per  annum  for  each  person  on  the  mailing  I"-": 
of  each  Society,  except  as  hereinafter  provided. 

25.  No  Society  having  dues  or  assessments  in  arrears  for  more  than 
ninety  days  after  notice,  or  whose  arrearages  shall  at  any  time  exceed  $2 

per  member,  shall  participate  in  the  privileges  of  the  Association ;  nor  shall 

it  be  in  the  power  of  the  Board  of  Managers  to  deviate  from  enforcing  this 
rule. 

26.  The  Association  shall  not  have  power  to  make  any  contract  or  incur 
any  liabilities  which  will  bind  the  Association  to  an  expenditure  beyond 

the  limitations  specifically  permitted  by  the  Articles  of  Association. 
27.  The  Association  shall  not  publish  in  the  Journal  any  other  matter 

than  the  papers  and  transactions  of  the  Societies,  if  it  shall  appear  that  by 

so  doing  the  cost  will  exceed  $3  per  annum  per  member  of  the  Societies. 

28.  The  Association  may  secure  subscriptions  to  the  Journal,  and 
furnish  reprints,  with  a  view  to  profit  to  the  Association. 

Adopted  by  letter  ballot,  submitted  October  15,  1897. 

29.  The  issue  of  five  copies  of  the  Journal  monthly  to  each  member 
of  the  Board  of  Managers  discontinued. 

30.  The  Secretary  authorized  to  send,  gratis,  to  any  Society  belonging 
to  the  Association  as  many  extra  copies  of  any  issue  of  the  Journal  as  it 

shall  notify  him  it  desires,  not  exceeding  five  copies  for  each  representative 
it  has  on  the  Board  of  Mana.gers. 

Adopted  by  letter  ballot,  submitted  September — ,   1898. 

31.  To  allow  the  Societ}'  securing  same  90  per  cent,   (based  on  present 
rates)  of  the  receipts  from  new  advertisements  secured  for  the  Journal. 

32.  To  allow  authors  of  papers  appearing  in  the  Journal  to  append  to 

their  names    (in  addition  to   '"Member  of     Society")    such  college 
degrees  and  scientific  society  memberships  as  they  may  choose. 
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33.  To  allow  authors  of  papers  appearing  in  the  Journal  to  append 
a  statement  of  their  present  or  past  professional  position,  in  addition  to 

■"Member  of     Society." 

Adopted  by  letter  ballot,  submitted  December  5,   1898. 

34.     All  ballots  close  six  weeks  after  the  date  of  mailing  blanks  to  the 
members  of  the  Board  of  ̂ lanagers. 

Adopted  by  letter  ballot,  No.  103,  submitted  November  7,  1901. 

35.     That  the  Secretary'  be  authorized  to  furnish  to  the  author  of  any 

paper,  at  15  cents  each,  additional  copies  of  the  issue  of  the  Journal  con- 
taining such  paper,  provided  due  notice  be  given   in  advance,   stating  the 

number  of  such  extra  copies  required. 

(B)  RULINGS  BY  CHAIRMEN. 

S6.     Societies  which  enter  must  require  all   their  members   to  take  the 
Journal.    J.  B.  Johnson,  November  24,  1894. 

37.  "I  will  consent  (for  reasons  stated)  to  allow  them  (the  Associa- 
tion of  Engineers  of  Virginia)  to  decide  how  many  copies  of  the  Journal 

they  wish  to  take  (not  less  than  25),  provided  they  will  be  strictly  regular 

in  their  compliance  with  the  other  requirements  of  the  Articles  of  Associa- 

tion."    J.  B.  Johnson,  November  28,  1894. 
38.  Authorizing  the  publication  in  the  Journal  of  lists  of  members 

of  the  several  Societies,  with  their  occupations  and  addresses.  George  D. 
Shepardson,  December  5,  1898. 

39.  Providing  for  a  periodical  audit  of  the  accounts  of  the  Secretary. 
George  D.  Shepardson,  December  16,  1899. 

INDEX  TO  ARTICLES  OF  ASSOCIATION  AND  RULES. 

Note. — "A"   means   Articles  of  Association.     "A   I    i"   means   Articles 

of  Association,  Article  I,  Section  i.     "R"  means  Rule  or  Rules. 

Name   A  I  i 

Object    All 

Organization    A  VII 
Articles  of  Association : 

Time  of  going  into  effect   A  VII 

Acceptance  of     A  V  i,  VII 
Amendments    A  VI 

Reprinting      R    16 

Rules  and  By-laws   A  II   i   R  16 
Societies: 

Acceptance  of  Articles  of  Association   A  V  i,  VII 
Concurrence  in  amendments  to  Articles  of  Association   A  VI 

Admission  of     AV  i 

Entrance  fee    A  V  i,  VII 

Representation  on  Board   A  II  i 

What  proportion  of  members  m.ust  take  Journal   R  36,  37 

Members,  lists  of   ,  to  be  published  in  Journal   R  38 
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Officers,  list  of   ,  to  be  published  in  Journal   R     c^ 
Default  in  payments   R  25 
Selection  of  papers   A  IV  i 

Distribution  of  Journal  to     A  IV  2   R  36,  2)7 
Extra  copies   R  20,  29,  30 

Assessments      A  IV  2   R   4,  11,  36 
(See  Commissions  on  Advertisements.) 

Default  in  payment  of      A  V  3   R  25 

Exclusion  of      A  V  3   R  25 
Withdrawal  of     AV2 

Government : 

Board  of  Managers   A  II    i 
Composition      A  II  i 

Representation  of  Societies  on      A  II  i 
Members : 

Appointment   A  II  i 
Powers    A  III  2 

Term  of  office   A  II  i 

Copies  of  Journal  to     R  20,  29,  30 
Duties   A  II  I,  III  2,  IV  2,  IV  3.  V  I 

Powers    A  IV  4,  V  I,  V  3,  VI   R  n,  25 
Letter  ballot   R  i,  13  (2),  (4) 

Time  of  closing      R  34 
Officers    A  II  2 

Election  of      R  13 
Tellers    R  13  (3) 

Terms  of  office   R  13  (i) 

Vacancies     R  13   (4) 
Chairman   A  II  2 

Term   of  office   R  13   (i).    (4) 

Duties   A  III  I   R  I,  II,  13  (3),  (4) 

Annual  Report    A  III  i   R  11 

Secretary     A  II  2   R  11 
Term  of  office   R  13   (i),   (4) 

Qualifications     A  II  2 

Appointment  and  removal   A  III  2 
Duties   A  III  2   R  7,  10,  13  (3),  (4),  17 

Powers      A  III  2   R  12,  22 

Compensation    A  III  2   R  10,  12 
Tellers    R  13   (3) 

Auditors      R  39 

Accounts    R  10,  25 

Revenue     A  IV  3   R  18,  28,  35 

(See,  also.  Assessments,  under  Societies.) 

Auditing  of     A  III  i,  III  2   R  10,  11,  39 
Surplus  or  deficiency   A  V  2 

Moneys : 

Custody  of     A  III  2 
Receipts  from  advertisements   See  Journal 

Liabilities,  limitation  of      R  26 
Assessments    See  Societies 
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Character  of      A  I  i   R  2.  23 
Cost  of    ,  limitation  of      R  24,  27 
Time  of  issuing   R  2 
Publication    A  III  2   R  10 

Arrangement  of  material  in        R  2,  3 
Papers : 

Selection  of     A  IV  i.  Ill  2   R  9 

Custody  of     A  III  2 

Advance  copies  of      R  22 

Priority  of  publication  of     R  6 

Copying  of   from  Journal   R  7 

Authors'  titles  and  records   R  32,  33 
Authors,  extra  copies  to     •  ■   R  35 
Reprints  of      R  28 

Other  material    A  III  i,  IV  4   R  5,  7,  8,  27 

Chairman's  annual  report   A  III  i   R  11 
Lists  of  officers  of  Societies   R    .S 

Lists  of  members  of  Societies   R  38 

Descriptive  'Index   R    8 
Illustrations      R  17 
Advertisements   A  IV  3 

Rates  of      R  18 

Commissions  on      R  12,  14,  19,  31 
Binding   R  15 
Distribution    A  IV  2,  IV  3 

Subscriptions      A   IV  3   R  28 
Sale   A  IV  3 

Surplus  copies    R  21 

Copies  to  members  of  Board   R  20,  29 
Copies  to  Societies   R  30 

Copies  to  authors   R  SS 
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ABSTRACTS  OF  PROCEEDINGS. 

FROM   MEETING  OF  REPRESENTATIVES   OF  THE   SOCIETIES. 

Chicago,  December  4,  1880, TO 

December   31,    1904. 

MEETING   OF   REPRESENTATIVES    OF   SOCIETIES. 

Chicago,  December  4,  1880. 

See  Journal,  Vol.  I,  No.   i,  November,   1881,  page  i. 

Western  Societ}^  of  Engineers,  represented  by  Benezette  Williams,  L.  P. 
Morehouse  and  John  W.  Weston. 

Civil    Engineers'    Club   of    Cleveland,    represented   by   M.    E.    Rawson    and 
A.  M.   Wellington. 

Engineers'  Club  of  St.  Louis,  represented  by  Chas.  A.  Smith. 
Boston  Society  of  Civil  Engineers,  represented  by  letter. 

Benezette  Williams,  Chairman;  A.  ]\I.  Wellington,  Secretary. 
Articles  of  Association  adopted. 

ABSTRACT  OF  RECORDS  OF  MEETINGS 
OF  THE  BOARD   OF  MANAGERS. 

Cleveland,  Ohio,  June  ii,  1881. 

See  Journal,  Vol.  I,  No.  i,  November,  1881,  page  5. 

Election  of  Benezette  Williams,  Chairman  of  Board  of  Managers, 
confirmed. 

M.  E.  Rawson  elected  Secretary  pro  tem. 

Resolutions  unanimousl}''  adopted  in  favor  of  independent  monthly 
publication. 

Matter  submitted  by  each  Society  to  be  placed  separately  in  the 

pamphlet,  under  the  proper  heading;  the  positions  to  be  arranged  in  the 
order  of  the  date  of  organization.  Form  of  title  page  adopted 

Provision  made  for  decision  of  questions  by  letter  ballot. 

Scale  of  prices  for  advertisements  adopted. 

Between  the  meeting  of  June  11,  1881,  and  the  issue  of  the  first 

number  of  the  Journal  (November  i,  1881),  the  Board  completed  its 
organization  by  the  election  of  H.  G.  Prout  as  Secretary,  and  arranged 
to  have  the  work  of  publication  carried  on  under  his  charge  at  stipulated 

rates.    
New  York,  June  22,  1882. 

See  first  annual  report  of  Chairman,  January  2,  1883,  published  in  Journal, 

Vol.  II,  No.  3,  January,  1883,  page  107. 

Rule  adopted  in  the  manner  of  levying  assessments,  by  which  each 
assessment  is  proportioned  to  the  Societies  on  the  basis  of  the  number 
of  copies  of  the  Journal  taken  at  the  time  the  assessment  is  made. 

Address  issvied  "To  the  Engineers  of  America."  This  address  is  printed 
in  Vol.  I,  June,  1882,  page  289. 
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New  York,  September  4,  1884. 

See  Journal,  Vol.  Ill,  No.  12,  October,  1S84,  page  329. 

Assessment  of  $3  ordered,  to  be  paid  in  instalments  of  $1 ;  each  instal- 
ment to  be  based  on  the  maihng  Hst  at  the  time  the  instahnent  is  called 

for,  and  to  be  subject  to  the  order  of  the  Chairman. 
Names  and  addresses  of  officers  of  each  Society  ordered  printed  upon 

the  second  page  of  the  cover  of  the  Journal. 

Resok-ed.  "That  in  the  opinion  of  this  Board  it  is  desirable  that  papers 
read  before  the  Societies  of  this  Association  should  not  be  published  in 
professional  periodicals  previous  to  being  published  by  the  Association. 
That  there  is  no  objection  to  publishing  them  in  whole  or  in  part  in  local 
newspapers. 

Secretary  instructed  to  insert  in  the  Journal  the  following:  "Editors 
reprinting  articles  from  this  Journal  are  requested  to  credit  both  the 

Journal  and  the  Society  before  which  such  articles  were  read." 
Chairman  authorized  to  arrange  for  publishing  in  the  Journal  an 

index  of  engineering  reports  and  Society  transactions,  and  abstracts  of 

such  reports  and  transactions  as  maj"^  be  found  desirable. 
Contract  with  Atkin  &  Prout,  for  printing  the  Journal,  continued. 

Chicago,  April   15,   16,   1887. 

See  Journal,  Vol.  VI,   No.  5,  May,   1887,  page  215. 

Proposition  from  H.  G.  Prout,  Secretary,  for  printing  the  Journal, 
accepted. 

Engineers'  Club  of  Kansas  City  admitted  to  membership  in  Associa- tion. 

Benezette  Williams  and  H.  G.  Prout  unanimously  re-elected  Chairman 
and  Secretarj',  respectively. 

Ordered  that  Index  Department  remain  under  the  general  control  of 
J.  B.  Johnson. 

Action  taken,  looking  to  the  formation  of  'an  organic  confederation 
of  engineering  societies." 

Ordered  that  the  official  documents  of  the  Council  of  Engineering 
Societies  upon  National  Public  Works  be  published  in  the  Journal. 

Assessment  authorized.    

Chicago,  December  3,  4,  1889. 

See  Journal.  Vol.  VIII.  No.  12,  December,  1889,  page  589. 

Amendments  to  the  Articles  of  Association  adopted,  for  submission 
to  the  Societies;   providing: 

1.  For  the  submission  to  the  Societies,  by  the  Board,  at  the  request 

of  any  Society,  "any  question  of  scientific,  technical  or  professional 
interest,"  the  several  Societies  to  report  to  the  Board,  and  the  Board  to 
formulate  and  publish,  in  the  Journal,  "a  general  report  embodying  the 
facts  and  in  accordance  with  the  general  sense  and  tenor  of  the  local 

reports." 
2.  For  recommendation  to  the  Societies,  by  the  Board  of  "recom- 

mendations on  any  subject  afifecting  the  policy  of  the  Association  or  the 

mutual  relations  of  the  participating  Societies.  Adoption  of  such  recom- 

mendations by  two-thirds  of  the  Societies  to  make  them  'the  law  of  the 
Association  and  binding  upon  all  participating  Societies.'  " 

These  amendments  were  not  subsequently  ratified  by  the  Societies. 
Proposition  from  John  W.  Weston,  to  publish  the  Journal  and 

perform  the  duties  of  the  Secretary  in  consideration  of  $2.75  per  annum 
from  each  Society  member,  and  $3  from  each  outside  subscriber,  ac- 
cepted. 
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Committee  appointed  '"to  prepare  an  address  to  the  various  enp^ineer- 
ing  societies  of  this  country  on  the  subject  of  a  national  organization." 

Benezette  Williams  unanimously  re-elected  Chairman. 
John  W.  Weston  unanimously  elected  Secretary. 

Chicago,  September   ii,   1891. 

See  Journal,  Vol.   X,   No.   10,   October,    i8gi,  page  511. 

A  discussion  "on  the  value  and  ciuantity  of  matter  sent  to  the  Secre- 
tary for  publication"  resulted  in  "the  opinion  that  final  control  should 

rest  with  the  Board." 
Resolved  : 

1.  That  Mr.  Weston  be  requested  to  continue  the  publication  of  the 
Journal  to  the  close  of  the  current  year  and  volume. 

2.  That,  "beginning  with  the  January  number,  1892,  a  Secretary  be  em- 
ployed at  a  salary  not  to  exceed  $600  per  annum" ;  said  Secretary  to 

"conduct'  all  the  correspondence  and  other  business  pertaining  to  the  office" 
and  to  publish  the  Journal  at  standard  current  prices." 

3.  That  the  Chairman  audit  all  bills  and  accounts,  and  collect  from 
each  Society  quarterly  its  pro  rata  of  the  estimated  net  cost  of  the 
publication,  and  publish  annually  in  the  Journal  his  report  to  the  Board 
on  this  subject. 

4.  That  50  per  cent,  commission  be  allowed  to  each  Society  and  to 
the  Secretary  for  advertisements  obtained  by  them  for  the  Journal. 

Benezette  Williams  and  John  W.  Weston  re-elected  Chairman  and 
Secretary,   respectively. 

Assessment  authorized.    

Chicago,  August  i,  2,  3,  1893. 

See  Journal,  Vol.  XII,  No.  7,  July,  1893,  page  380. 

Resignation  of  Benezette  Williams,  as  Chairman,  accepted. 

Rules  Adopted,  Governing  Election  of  Officers. 

1.  President  and  Secretary  elected  for  two  years  each,  beginning 

January  ist  of  each  even  year,  "but  they  shall  remain  in  office  till  their 
successors  are  chosen." 

2.  Election  at  any  called  meeting  of  the  Board,  or  by  letter  ballot, 
between  October  ist  and  December  ist  of  the  odd  years. 

3.  If  by  letter  ballot,  "the  Chairman  shall,  through  the  Secretary, 
give  notice  of  such  election  prior  to  October  loth  of  the  odd  years,"  ap- 

pointing two  tellers  in  one  city,  members,  but  not  officers,  of  the  Board. 
Ballots  to  be  opened  November  ist  and  result  reported  to  Chairman. 
Provision  for  failure  to  elect  on  first  ballot. 

4.  Vacancies  may  be  filled  at  any  time,  at  a  meeting  of  the  Board, 
or  by  letter  ballot,  the  remaining  officer  to  discharge  the  duties  of  both 
offices  pending  the  vacancy. 

Ordered: 

That  each  Society  be  allowed  90  per  cent,  of  receipts  from  its  adver- 
tisements until  January  i,  1895. 

That  future  Journals  be  issued  with  cut  leaves. 

"That  the  Constitution  be  reprinted  in  portable  form,  with  all  subse- 
quent additions,  together  with  report  of  these  proceedings." 

"That  the  Secretary  be  requested  to  see  that  cuts  published  with 
linear  scales  bear  metric  linear  scales,  unless  objection  is  made  by  the 

authors." 
Assessment  ordered,  to  cover  expenses  of  members  attending  meeting. 
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LETTER  BALLOTS  OF  THE  BOARD  OF  MANAGERS. 

Ballot  Counted  November  i,  1893. 

See    report    for    1893,    by    Benezette    Williams,    Retiring    Chairman,    dated 
February  6.   1894.     Journal,  Vol.  XIII,  No.   i.  January,   1894. 

J.  B.  Johnson  elected  Chairman  for  1894-95. 

John  C.  Trautwine,  Jr.,  elected  Secretary  for  1894-95. 

QuESTioxs  Submitted  JNLvy  15.  1894. 

Results  Announced  June  i,   1894. 

1.  Shall  the   advertising  rates  of  the  Journal  be  increased  50  per 
cent.? 

Yes:     Waddell.  Benjamin.  Appleton,  Nichol.  Williams,  Morris,  Rus- 
sell. 

No:     Keerl,  Manley,  Freeman,  Tinkham. 

Yes,  7;  No,  4;  douotful.  Pike  (not  at  present).     Carried. 

2.  Shall  the  proportion  of  the  net  proceeds  of  advertisements  ci ed- 
ited to  any  Society  be  limited  to  50  per  cent.  ? 
Yes:     Russell.  Morris,  Williams,   Nichol,  Appleton,   Benjamin,   Pike, 

Waddell,  Keerl. 
No:     Tinkham.  Freeman,  Manley. 

Yes,  9;  No,  3.    Carried. 
3.  Shall  the  number  of  extra  copies  of  the  Journal  sent  to  members 

of  the  Board  be  made  five? 

Yes:     Manley,  Freeman.  Tinkham,  Waddell,  Pike,  Benjamin,  Apple- 
ton,  Nichol.  Williams.  Morris,  Russell. 

No:     Keerl. 

Yes.  11;  No,  I.     Carried. 

4.  What   number  of  extra   copies  of  the  Journal  over  and   above 
mailing  list  shall  be  printed? 

300:     Russell,  Williams,  Waddell.  Tinkham,  Manley,  Freeman. 

200:     Morris  (or  15  per  cent.),  Appleton,  Benjamin. 
200  to  300:     Nichol. 

250:     Pike. 

250  to  300:     Keerl. 
Carried,  250. 

5.  Shall    the    Board    purchase    250    bound    copies    of    the    Engineering 
Index  for  $375? 

Yes:     Waddell.  Benjamin,  Williams,  Morris,  Russell. 

No:     Keerl,  Freeman,  Manley,  Tinkham,  Pike. 
No  vote :     Appleton,  Nichol. 

Yes,  5 ;  No,  5.     Lost.    

Questions  Submitted  December  18,  1894. 

Results  Announced  January  7,  1895. 

I.     Shall  the  December  number  of  the  Journal   include  a  reasonable 
amount  of  literary  matter  in  addition  to  the  Annual  Index  Summary? 

Yes:     Freeman,  Manley,  Tinkham,  Waddell,  Nichol,  Williams,  John- 
son, Barnes  and  Keerl. 

No:     Appleton,  Morris.  • 
Yes.  g:  No.  2.     Carried. 
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2.     Shall    a    special    assessment    be    levied,    after    the    expenses    for    tlie 
year  1894  have  been  determined,  to  cover  such  deficit  as  remains  for  this 

year 
Yes:     Unanimous.     Carried. 

■  3.     Ma3r  individual   Societies  be  admitted  to  membership   in  the  Asso- 
ciation without  paying  the  50  -cents  initiation  fee  for  their  entire  member- 

ship, provided  this  fee  be  paid  by  as  many  as  take  the  Journal,  and  pro- 
vided, further,  that  this  number  be  not  less  than  25  ? 

Yes:     Freeman,  Waddell,   Nichol  and  Morris. 

No:     Manley,  Tinkham,  Johnson,  Appleton,  Barnes  and  Keerl. 
Doubtful:     Williams. 

Yes,  4;  No,  6;  Doubtful,  i.     Lost. 
4.  Shall  the  Secretary  be  authorized  to  print  advance  copies  of 

papers  and  send  out  the  same  for  discussion  to  all  members  of  the  Asso- 
ciation indicated  to  him  by  the  writer,  or  otherwise,  or  to  such  as  may 

request  copies,  provided  the  Society  in  which  the  paper  originates  is 
charged  with  the  extra  cost  of  same? 

Yes:  Johnson,  Freeman,  Manley,  Tinkham,  Appleton,  Barnes  and 
Keerl. 

No:     Morris. 

Doubtful:     Waddell,  Nichol  and  Williams. 

Yes,  7;  No,  i;  Doubtful,  3.     Carried. 

5.  Or,  shall  advance  copies  of  important  papers  be  printed  and  circu- 
lated as  indicated  in  4,  at  the  expense  of  the  Association? 

Yes:     Waddell  and  Barnes. 

'    No:     Freeman,    Manley,    Tinkham,    Appleton,   Johnson,    Morris    and 
Keerl. 

Doubtful:     Williams.     (Nichol  does  not  vote.) 

Yes,  2;  No,  7;  Doubtful,  etc.,  2.     Lost. 

6.  Shall  the  Chairman  be  authorized  to  try  and  efifect  an  arrange- 
ment whereby  the  Index  Department  shall  hereafter  be  conducted  by 

one  or  more   of  the  national  societies? 

Yes:     Manley,  Tinkham  and  Keerl. 

No:     Appleton,  Johnson,  Waddell,  Williams,  Barnes  and  Morris. 
Doubtful:     Freeman.     (Nichol  does  not  vote.) 

Yes,  3;  No,  6;  Doubtful,  etc.,  2.     Lost. 
7.  Is  it  desirable  to  arrange  for  an  annual  meeting  of  the  members 

of  the  Association?    ....     Is  it  practicable?     .... 

(A)  Desirable? 
Yes:     Tinkham,  Appleton,   Keerl  and  Williams. 
No:     Barnes  and  Morris. 

Doubtful:     Waddell  and  Manley.     (Nichol  does  not  vote.) 
Yes,  4 ;  No,  2 ;  Doubtful,  2.     Lost. 

(B)  Practicable? 
Yes:     Keerl. 

No:     Freeman,  Tinkham.  Appleton,  Williams,  Barnes  and  Morris. 
Doubtful:     Waddell.     (Nichol  does  not  vote.) 

Yes,  I ;  No,  6 ;  Doubtful,  etc.,  2.     Lost. 

8.  Shall  the  "Contribution  Box"  and  the  "Library,"  as  conducted 
by  our  Secretary  in  the  Journal,  be  discontinued,  with  an  annual  saving 
of  about  $200? 

Yes:     Appleton. 
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No:     Freeman,  ^^lanlej-,  Tinkham,  Waddell,  Williams,  Barnes,  John- 
son, Morris  and  Keerl.     (Nichol  does  not  vote.) 

Yes.  i:  No,  9;  (?),  i.     Lost. 

9.  Would  you  attend  a  meeting  of  this  Board  if  appointed  to  be 
held  in  New  York  City  or  Philadelphia,  on  or  about  January  i6th  next? 

Yes:     Freeman,  Tinkham  and  ̂ lanley. 

No:     Appleton,  Johnson,  Nichol,  Williams,  Barnes,  Morris  and  Keerl. 
Doubtful :     Waddell. 

Yes,  3:  No,  7:  Doubtful,  i.     Lost. 

10.  Shall  the  Index  Department  of  the  Journal  be  discontinued  regard- 
less of  the  action  of  the  national  societies  on  this  subject,  with  a  total  annual 

saving,  as  estimated  bj"-  the  Secretarj--  for  1894,  of  $900,  out  of  a  total  cost 
for  1894  of  $5300?     (Members  might  consult  their  Societies  on  this  subject.) 

Yes :     Appleton,  Nichol  and  Keerl. 
No:     Freeman,  Tinkham,  Waddell,  Williams,  Johnson  and  Morris. 
Doubtful:     ^lanley.     (Barnes  does  not  vote.) 

Yes,  3;  No,  6;  Doubtful,  etc.,  2.     Lost. 

Voting,  ten  members,  viz :  Messrs.  Tinkham,  Freeman,  Manley,  Wil- 
liams, Nichol,  Appleton,  Waddell,  Johnson,  Barnes  (St.  Louis)  and 

Morris.    

Question  Submitted  Janu.^ry  3,  1895. 

Result  Announced    . 

Admission  of  Association  of  Engineers  of  Virginia  to  membership  in 
the  Association  of  Engineering  Societies. 

Yes :  Keerl,  Williams,  Barnes,  ̂ lorris,  Tinkham,  Manley,  Freeman, 

Benjamin,  Pike,  Waddell  and  Nichol. 

Yes,  II.     Carried.    

Question  Submitted  January  7,  1895. 

Result  Announced    . 

Admission  of  the  Denver  Society  of  Civil  Engineers  to  membership  in 
the  Association  of  Engineering  Societies. 

Yes :     Keerl,  Williams,  Barnes,  Tinkham,  Manley,  Freeman,  Benjamin, 

Waddell,  Nichol  and  Woodman. 
No :     Appleton. 

Yes,  10;  No,  I.     Carried.    

Questions  Submitted  March  2,  1895. 

Results  Announced    . 

1.  On  the  admission  of  the  Technical  Society  of  the  Pacific  Coast  to 

membership  in  the  Association  of  Engineering  Societies. 

Yes :  Benjamin,  Williams,  Pike,  Woodman,  Keerl,  Wason,  Barns, 

Barnes,  Johnson,  Manley,  Tinkham,  Freeman,  Churchill,  Waddell.  Nichol, 
Martin  and  Appleton. 

Yes,  17.     Carried. 

2.  On  the  acceptance  of  fifty  bound  copies  of  the  volume  of  Index 

Notes  from  Mr.  Weston,  in  payment  of  his  indebtedness  to  the  Association 
to  the  amount  of  %J2. 

Yes:  Benjamin,  Williams,  Pike,  Woodman,  Keerl,  Barns,  Barnes,  Wad- 
dell, Nichol  and  Appleton. 

No:  .  Wason,  Manley,  Tinkham,  Freeman  and  Martin. 
Yes,  10;  No,  5.     Carried. 
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3.  On  authorizing  the  Chairman  and  Secretary  to  decline  to  publish 

papers  which  have  already  been  published  either  in  full,  or  in  very  full 
abstract,   in  any  engineering  journal. 

No:  Williams,  Woodman,  Keerl,  Wason,  Barnes,  Manley,  Tinkham, 

Freeman,  Churchill,  Nichol  and  Waddell. 
No,  II.     Lost. 

Questions  Submitted  June  20,  1895. 

Results  Announced  July   11,   1895. 

Rules  for  the  government  of  the  Board  of  Managers,  proposed  by  the 

Western  Society  of  Engineers,  and  their  adoption  moved  by  the  members 
of  the  Board  from  that  Society : 

(For  vote  in  detail,  see  below.) 

1.  The  object  of  the  Journal  is  to  print  the  papers  and  transactions 

of  the  Societies,  and  it  is  not  for  the  purpose  of  establishing  a  professional 

monthly  magazine. 
Yes,  11;  No,  4.     Carried. 
2.  The  amount  of  matter  must  be  restricted  to  that  which  can  be 

published  at  a  cost  of  $3  per  annum  for  each  person  on  the  mailing  list  of 
each  Society,  except  as  hereinafter  provided. 

Yes,  8;  No,  7.     Carried. 

3.  The  amount  of  matter  which  each  Society  is  entitled  to  have  pub- 
lished to  be  in  direct  proportion  to  the  amount  it  contributes  to  the  cost 

of  publication. 
No,  15.     Lost. 

4.  Any  Society  desiring  to  publish  matter  in  excess  of  its  proportion 

may  publish  such  matter  by  paying  the  full  extra  cost  thereof. 
No,  15.     Lost. 

5.  No  Society  having  dues  or  assessments  in  arrears  for  more  than 

ninety  days  after  notice,  or  whose  arrearages  shall  at  any  time  exceed  $2 
per  member,  shall  participate  in  the  privileges  of  the  Association ;  nor  shall 

it  be  in  the  power  of  the  Board  of  Managers  to  deviate  from  enforcing 
this  rule. 

Yes,  10;  No,  6.  Carried. 

6.  A  paper  shall  be  accredited  to  the  Society  befbre  which  it  is  read, 

but  the  author,  if  a  member  of  any  Society  or  Societies  of  the  Association, 
shall  be  credited  with  such  membership,  and  none  other. 

Yes,  7;  No,  8.     Lost. 

7.  The  Association  shall  not  have  power  to  make  any  contracts  or  incur 
any  liabilities  which  will  bind  the  Association  to  an  expenditure  beyond  the 

limitations   specifically  permitted  by  the  Articles   of  Association. 

Yes,  10;  No,  5.     Carried. 

8.  The  Secretary  of  the  Association  shall  not  have  authority  to  edit 

any  papers  sent  for  publication,  except  by  specific  consent  of  the  Society 
furnishing  the  paper. 

No,  15.     Lost. 

9.  Advertisements  may  be  received  by  and  inserted  in  the  Journal  by 
its  management,  but  all  contracts  therefor  must  terminate  in  the  calendar 
year  of  the  contract. 

Yes,  6;  No,  10.    Lost. 

10.  The  Association  shall  not  publish  in  the  Journal  any  other  matter 
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than  the  papers  and  transactions  of  the  Societies,  if  it  shall  appear  that  by 
so  doing  the  cost  will  exceed  $3  per  annum  per  member  of  the  Societies. 

Yes.  8 ;  No,  7.     Carried. 

11.  The  Association  may  secure  subscriptions  to  the  Journal,  and 
furnish  reprints,  with  a  view  to  profit  to  the  Association. 

Yes,  12 ;  No,  4.     Carried. 

12.  The  ̂ Vestern  Societj'  has  also  passed  the  following  resolution : 

"Resolved.  That  the  Board  of  ̂ lanagers  of  the  Association  of  Engineer- 
ing Societies  be  requested  to  make  to  this  Society  a  financial  statement  for 

the  first  quarter  of  the  present  year,  and  for  each  quarter  thereafter,  show- 
ing the  cost  of  the  Journal,  the  number  of  members  in  each  Society  on 

the  JouRXAL  mailing  list,  the  amount  of  money  paid  (to  the  Association) 

by  each  Society  and  the  amount  any  Society  is  delinquent." 
The  members  will  please  observe  that  this  is  a  request  made  to  the 

Board,  and  is  not  a  part  of  the  rules  of  the  Board  whose  adoption  has  been 

moved  and  are  given  above.  The  Chairman  will  take  the  liberty  of  re- 
minding the  members  of  the  Board  that  the  preparation  of  a  quarterly 

financial  statement  involves  a  very  considerable  amount  of  additional  work  on 

the  part  of  our  Secretarj',  and  perhaps  more  than  he  can  afford  to  give  for 
the  salary  paid.  You  will  please  indicate  your  vote,  also,  on  this  request, 
as  to  whether  or  not  it  shall  become  a  rule  of  the  Board. 

(Note,  signed  by  Benezette  Williams,  ̂ Member,  Board  of  Managers.) 
Yes,  I ;  No,  15.     Lost. 

Vote  on  Twelve  Questions,  as  above. 

Society.  .Member  of  Board. 
Western   \\  illiams, 

Barnes, 
Nichol, 

Boston   Brooks, Man  ley, 

Tinkham, 
Freeman, 

Cleveland   Ritchie, 
St.  Louis   Johnson, 

Barns, 

St.  Paul   Woodman, 
Minneapolis   Pike, 
Kansas  City   Waddell, 
Montana   Keerl, 
Pacific  Coast   Hasson, 

Virginia   Churchill, 
Denver   

Totals:    Yes, No, 

Qu 
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Question  Submitted  October  17,  1895. 

Result  Announced  November  11,  1895. 

Nominations  for  officers  for  1896-97: 

For  Chairman — S.   E.   Tinkham,  nominated   by   Fred   Brooks,  John   R. 
Freenian  and  Henry  Manley. 

James  Ritchie,  nominated  by  the  Civil  Engineers'  Club  of  Cleveland. 
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J.  B.  Johnson,  nominated  by  James  Ritchie  and  James  S.  Keerl.  Nomi- 
nation declined. 

For  Secretary — John  C.  Trautwine,  Jr.,  Nominated  by  Fred  Brooks, 
John  R.  Freeman.  Henry  Manley,  James  Ritchie,  James  S.  Keerl  and  the 

Civil  Engineers'  Club  of  Cleveland. 
The  vote : 

For  Chairman — S.  E.  Tinkham,  9  votes ;  James  Ritchie,  3  votes. 
For  Secretary — John  C.  Trautvi^ine,  Jr.,  12  votes. 

Tellers — Prof.  J.  P.  Johnson  and  Mr.  W.  E.  Barns,  of  the  Engineers' 
Club  of  St.  Louis.    

Questions  Submitted  December  2,   1895. 

Results  Announced   . 

1.  Shall  the  price  of  the  Journal  hereafter  be  changed  to  subscribers? 

2.  Shall  Mr.  John  R.  Dunlap,  Editor  of  the  Engineering,  Magazine, 
be  given  permission  to  republish,  in  book  form,  the  Index  Notes  which 

have  appeared  in  the  Journal  for  the  last  four  j^ears,  or  since  the  previous 
bound  Index  Summary  appeared? 

No  record  of  vote  on  these  questions. 

Question  Submitted  January  i,  1897. 

Result  Announced    . 

On  the  admission  of  the  Detroit  Engineering  Society  to  membership  in 
the  Association  of  Engineering  Societies. 

Yes :  Hermann,  Hasson,  Manley,  Brooks,  Freeman,  Tinkham,  Culley, 
Churchill,  Johnson,  Hyde,  Woodman,  Campbell,  Vischer,  Shepardson  and 
Keerl. 

Yes,  15.     Carried.    

Questions  Submitted  October  15,  1897. 

Results  Announced  November  11,  1897. 

1.  Nominations  for  officers  for  1898-99 : 

For  Chairman — Fred  Brooks,  of  Boston,  nominated  by  John  W.  Lang- 

ley,  member  of  the  Civil  Engineers'  Club  of  Cleveland. 
George  D.  Shepardson,  of  Minneapolis,  nominated  by  Edwin  E.  Wood- 

n\an,  of  the  Civil  Engineers'  Society  of  St.  Paul. 
For  Secretary — John  C.  Trautwine,  Jr.,  nominated  by  Messrs.  Langley 

and  Woodman. 

Tellers — Messrs.  Henry  Manley  and  John  R.  Freeman,  of  the  Boston 
Society  of  Civil  Engineers. 

2.  That  the  issue  of  five  copies  of  the  Journal  monthly  to  each  member 
of  the  Board  of  Managers  be  discontinued. 

Moved  by  Mr.  Edwin  E.  Woodman,  member  of  the -Board  for  the  Civil 

Engineers'  Society  of  St.  Paul. 
3.  That  the  Secretary  be  authorized  to  send,  gratis,  to  any  Society 

belonging  to  the  Association,  as  many  extra  copies  of  any  issue  of  the 

Journal  as  it  shall  notify  him  it  desires  not  exceeding  five  copies  for  each 

representative  it  has  on  the  Board  of  Managers. 

Moved  by  iMr.  S.  E.  Tinkham,  Chairman. 

4.  On  the  advisability  of  reducing  the  amount  of  the  fourth  quarterly 

assessment,  for  the  year  1897,  from  75  cents  (as  usual)  to  25  cents. 
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The   Vote. 

Question  i — For  Chairman  : 
Whole  number  of  ballots   14 
Informal      i 

13 

Necessarj'  for  a  choice    7 
Prof.  George  D.  Shepardson  has    8 
Mr.  Fred  Brooks  has    5 

For  Secretary : 

\\Tiole  number  of  ballots   14 
!Mr.  John  C.  Trautwine.  Jr..  has   14 

Questions  2,  3,  and  4 : 

Whole  number  of  votes  received   14 
One  ballot  was  not  signed      i 

Total  number  of  votes  counted   13 

On  Question  2,  9  votes  were  in  the  affirmative  and  4  in  the  negative. 
On  both  Questions  3  and  4,  the  vote  was  unanimously  in  the  affirmative. 

The  unsigned  ballot  was  in  the  affirmative  on  all  the  questions,  so  the 
result  would  not  be  changed  if  it  were  counted. 

Question  Submitted  January  15,  1898. 

Result  Announced  March  29,  1898. 

Admission  of  the  Engineers'  Society  of  Western  New  York  to  member- 
ship in  the  Association  of  Engineering  Societies. 

Yes :     Brooks.  Wilson,  Churchill,  Tinkham,  Woodman,  Hyde,  Freeman, 

Keerl,  Johnson,  Henny,  Jones,  Manley  and  Livingston. 
Yes,  13.     Carried.    

January  15,  1898,  Chairman  Shepardson  wrote:  "About  the  proportion 
of  the  membership  in  each  Society  that  must  be  assessed  and  to  which  the 

Journal  is  sent:  In  a  few  cases  only  a  part  of  the  membership  has  been 

assessed,  to  make  it  possible  for  certain  Societies  to  join  or  to  retain  mem- 
bership. Do  you  wish  to  lay  down  a  rigid  interpretation  of  the  rule  or  to 

leave  it  to  the  discretion  of  the  Board  in  special  cases?" 

Mr.  John  R.  Freeman  replies:  "I  favor  a  liberal  interpretation  of  the 

rule,  and  would  leave  any  special  case  to  the  discretion  of  the  Board." 

Questions  Submitted  September  — ,  1898. 

Results  Announced  December  5,  1898. 

1.  To  allow  the  Society  securing  same,  90  per  cent,   (based  on  present 

rates)  of  the  receipts  from  new  advertisements  secured  for  the  Journal. 

Yes:     Brackett,   Johnson,    Thacher,    Woodman,    Shepardson,    Tinkham, 
Howe,  Brooks,  von  Geldern,  Tutton  and  Manley. 

No :     Henny,  Freeman  and  Churchill. 

Yes,  11;  No,  3.     Carried. 

2.  To  allow  authors  of  papers  appearing  in  the  Journal  to  append  to 

their  names   (in  addition  to  "Member  of     Society")    such  college 
degrees  and  scientific  society  memberships  as  they  may  choose. 
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Yes:  Henny,  Johnson,  Freeman,  Thaclier,  Woodman,  Howe,  Brooks, 
von  Geldern  and  Tutton. 

No :     Brackett,  Churchill,  Shepardson,  Tinkham  and  IManley. 
Yes,  9;  No,  5.     Carried. 

3.  To  allow  authors  of  papers  appearinpr  in  the  Journal  to  append  a 
statement  of  their  present  or  past  professional  position  in  addition  to 

"Member  of     Society." 
Yes:  Henny.  Freeman,  Woodman,  Shepardson,  Howe,  Brooks,  von 

Geldern,  Tutton  and  Manley. 

No :     Brackett,  Johnson,  Churchill,  Thacher  and  Tinkham. 

Yes,  9;  No,  5.     Carried. 

4.  To  hold  Secretaries  of  local  Societies  responsible  for  the  accuracy 

of  titles,  society  memberships  and  professional  positions  of  authors  of 

papers  sent"  for  publication  in  the  Journal. 
Yes :     Henny,  Johnson,  Freeman  and  Shepardson. 

No:  Brackett,  Churchill,  Thacher,  Woodman,  Tinkham,  Howe,  Brooks, 
Tutton  and  Manley. 

Yes,  4;  No,  9.    Lost. 
5.  To  have  the  Secretary  prepare  brief  sketches  of  authors  of  papers 

in  the  Journal. 

Yes :     Freeman,  Shepardson  and  Howe. 

No :     Henny,  Brackett,  Johnson,   Churchill,   Thacher,   Woodman,   Tink- 
ham, Brooks,  von  Geldern,   Tutton  and   Manley. 

Yes,  3;  No,  II.     Lost. 

Question  Submitted  September  — ,  i8g8. 

Result    Announced,    September    10,    1898. 

Admission   of  the   Louisiana   Engineering   Socfety   to   membership   in 

the  Association  of  Engineering  Societies. 

Yes:  Hennj^  Brackett,  Johnson,  Manley,  Tutton,  von  Geldern 

Brooks,  Howe,  Tinkham,  Freeman,  Woodman,  Shepardson,  Churchill  and 
Thacher. 

Yes,  14.     Carried. 

Questions  Submitted  December  5,  1898. 

Results  Announced    . 

1.  Admission  of  the  Engineers'  Club  of  Cincinnati  to  membership  in 
the  Association  of  Engineering  Societies. 

Yes :  Johnson,  Coleman,  von  Geldern,  Henny,  Ritchie.  Freeman, 

Brooks,  Thacher,  Woodman,  Tutton,  Tinkham,  Churchill,  Brackett, 

Howe,   Manley  and   Shepardson. 

Yes,  16.     Carried. 

2.  All  ballots  close  six  weeks  after  the  date  of  mailing  blanks  to  the 

members  of  the  Board  of  Managers. 

Yes:  von  Geldern,  Johnson,  Shepardson,  Manley,  Churchill,  Howe, 

Brackett,  Tinkham,  Tutton,  Woodman,  Thacher,  Brooks,  Ritchie,  Free- 
man, Coleman  and  Henny. 

Yes,   16.     Carried. 
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Question  Subjiitted  November  28,  1899. 

Result  Announced  January  3,  1900. 

Election  of  officers  for  1900-1901: 

For  Chairman — James  Ritchie,  of  the  Civil  Enoineers'   Club  of  Cleve- 
land. 12  votes. 

S.  E.  Tinkham,  of  Boston  Society  of  Civil  Engineers,   i   vote. 

George    D.    Shepardson,    of    Civil    Engineers'    Society    of    St.    Paul, 
I  vote. 

For  Secretary — John  C.  Trautwine,  Jr.,  15  votes. 
Tellers — Messrs.   Frank   C.    Osborn  and  James   Ritchie,   of  the   Civil 

Engineers'  Club  of  Cleveland.  Ohio. 

Questiox  Submitted  January  ii,  iqoi. 

Ballot  No.  loi. 

Result  Announced   . 

Donate,  to  the  Duplicate  Technical  Library  of  the  University  of 

Wisconsin,  one  copy  of  each  number  of  the  Journal,  of  which  the  list 
shows  more  than  fifty  copies  on  hand. 

Yes:     Osborn.    Harper,    Brooks,    Brackett,    Freeman,    von    Geldern, 
Freeman,  Ritchie,  Tutton,  Layman  and  Tinkham. 

No:     Henny. 

Yes,  12;  No,  I.     Carried. 

Questions  Submitted  November  7,  1901. 

Ballots  Nos.  102,  103  and  104. 

Results  Announced  December  27,   1901. 

Ballot  No.  102.  That  the  Secretary  be  instructed  to  prepare  an  index 

of  the  material  contained  in  the  first  twenty-five  volumes  of  the  Journal 
of  the  Association,  ending  with  December,  1900,  and  to  have  said  index 
printed,  bound  in  paper  and  distributed  to  the  members  of  our  Societies 

and  to  our  subscribers,  exchanges  and  advertisers,  and  that  the  Secretary 
be  authorized  to  make  such  arrangements  as  he  can  for  the  procuring  of 

advertisements  in  such  index,  in  order  to  cover  all  or  a  part  of  the  cost. 

Moved  by  Mr.  S.  E.  Tinkham,  of  the  Boston  Society  of  Civil  Engi- 
neers. 

Yes,  17.     Carried. 
Ballot  No.  103.  That  the  Secretary  be  authorized  to  furnish,  to  the 

author  of  any  paper,  at  15  cents  each,  additional  copies  of  the  issue  of  the 

Journal  containing  such  paper,  provided  due  notice  be  given  in  advance, 
stating  the  number  of  such  extra  copies  required. 

Moved  by  Mr.  S.  E.  Tinkham,  of  the  Boston  Society  of  Civil  Engi- 
neers. 

Ye.s,  17.     Carried. 
Ballot  No.  104.  That,  from  and  after  January  i,  1902,  the  Secretary 

jhall  receive,  in  each  year,  as  salary,  75  cents  for  each  member  of  the 
societies  forming  the  Association  at  the  close  of  the  preceding  year. 

Moved  by  Mr.  Charles  H.  Tutton,  of  the  Engineers'  Society  of 
Western  New  York. 

Yes,  10;  No,  7.  Lost,  for  want  of  two-thirds  vote,  required  by  Articles 
of  Association. 
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Question   Submitted  November  7,   1901. 

Result  Announced  January  g,  1902. 

Election  of  ofiicers  for  1902-1903: 

For   Chairman — James   Ritchie,  Civil   Engineers'    Club   of   Cleveland. 
II  votes. 

Gardner  S.  Williams,  Detroit  Engineering  Society,  3  votes. 

A.  O.  Powell,  Civil  Engineers'  Society  of  St.  Paul,  i  vote. 
For  Secretary — John  C.  Trautwine,  Jr.,   15  votes. 

Tellers — Messrs.  W.  A.  Layman  and  S.  E.  Freeman  (?)   of  the  Engi- 

neers' Club  of  St.  Louis. 

Question  Submitted  November  23,  igoi. 

Ballot  No.  105. 

Result  Announced  January  4,   1902. 

Authorize  the  Secretary  to  donate,  to  the  Department  of  Mining  and 

Metallurgy,   McGill  University,   Montreal,   one  copy  of  each  number  of 

the  Journal,  of  which  the  list  shows  more  than  fifty  copies  on  hand. 

Yes:     Tinkham,  Freeman  (John  R.),  Manley,  Brooks,  Brackett,  Hop- 
kinson,  Ritchie,  Hoag,  Harper,  Layman,  Freeman  (S.  E.),  Wilson,  Henny, 
von  Geldern  and  Malochee. 

No:     Tutton. 

Yes,  15;  No,  I.     Carried. 

Question  Submitted  September  18,  1903. 

Result  Announced  November  9,  1903. 

Election  of  officers  for  1904-1905: 
Nominations: 

For  Chairman — Dexter  Brackett,  of  the  Boson  Society  of  Civil  Engi- 
neers. 

For  Secretary — John  C.  Trautwine,  Jr. 
The  vote: 

For  Chairman — Mr.  Brackett  received  13    votes. 

For  Secretary — Mr.  Trautwine  received  14  votes. 

Tellers — Messrs.  Dexter  Brackett  and  Dwight  Porter,  of  the  Boston 
Society  of  Civil  Engineers. 

Mr.    Brackett    having   been    nominated    for    the    Chairmanship    after 
accepting  the  appointment  as  teller,  asked  Mr.   Porter  to  act  for  him. 

Question  Submitted  December  31,  1903. 

Result  Announced  January  11,  1904. 

Admission  of  the  Toledo  Society  of  Engineers  to  membership  in  the 

Association  of  Engineering  Societies. 

Yes:     von    Geldern,    Porter,    Williams,    Freeman,    Benjamin,    Brackett, 

Hoffmann,    Redfield,    Wilson,    Tinkham,    Theard,    Bausch,    Haven,    Henny, 
Manley,  Toensfeldt  and  Barker. 

Yes,  17.     Carried. 
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RULINGS,  ETC.,  BY  CHAIRMEN. 

SI 

November  24,  1894.  J.  B.  Johnson.  Societies  which  enter  must  require 
all  their  members  to  take  the  Journal. 

November  28,  1894.  J.  B.  Johnson.  Allowing  the  Association  of  Engi- 

neers of  Virginia  to  subscribe  for  less  than  its  full  membership.  (Recon- 
sideration of  ruling  of  November  24th.) 

December  5,  1898.  George  D.  Shepardson.  Authorizing  the  publica- 
tion, in  the  Journal,  of  lists  of  members  of  the  several  Societies,  with  their 

occupations  and  addresses. 

December  16,  1899.  George  D.  Shepardson.  Providing  for  a  periodi- 
cal audit  of  the  accounts  of  the  Secretary. 

February  20,  1901.  James  Ritchie.  Approving  the  action  of  the 

Secretary  in  agreeing,  with  Engineering  Magazine,  to  maintain  the  price 
of  Vol.  I  of  the  Descriptive  Index  at  $5  per  copy,  with  a  special  price  of 
$4  to  members  of  the  Societies  in  the  Association. 

June  14,  1901.  James  Ritchie.  Letter  of  request  to  the  Secretaries 
of  the  Societies: 

Dear  Sir, — I  desire  to  call  the  attention  of  the  Secretaries  of  our 
several  Societies  to  the  matter  of  publication  of  papers  in  other  journals 

or  periodicals  prior  to  their  appearance  in  the  Journal  of  the  Associa- 
tion. 

Instances  of  such  prior  publication  have  recently  come  to  my  notice, 

and  I  would  request  that,  so  far  as  possible,  the  Societies  give  the  Asso- 
ciation the  advantage  of  first  publication  of  any  papers  submitted. 

^larch  26,  1902.  James  Ritchie.  Authorizing  the  Secretary  to  donate, 
to  the  State  Library  of  New  Hampshire,  at  the  request  of  the  Boston 

Society  of  Civil  Engineers,  one  copy  of  each  number  of  the  Journal, 

of  which  the  list  shows  more  than  fifty  copies  on  hand. 

OFFICERS  OF  THE  BOARD  OF  MANAGERS 

FROM  ITS  ORGANIZATION,  IN  1881. 
TO  DECEMBER  31.  1903. 

chairmen. 

Benezette  Williams. 

J.  B.  Johnson. 
S.  E.  Tinkham. 

SOCIETIES. 

Western  Society  of  Engineers. 

Engineers'  Club  of  St.  Louis. 
Boston  Society  of  Civil  Engineers. 

FIRST   ELECTED 

June  ir,  1881 Nov.  I,  1903 
Nov.  II,  1895 

George  D.  Shepardson.    Civil  Engineers'  Society  of  St.  Paul.    Nov.  II,  18 

James  Ritchie.  Civil  Engineers'  Club  of  Cleveland.      Jan.      3,  1900 
Dexter  Brackett.  Boston  Society  of  Civil  Engineers.       Nov.    9,  r903 

secretaries. 

Henry  G.  Prout. 

John  W.  Weston. 

John  C.  Trautwine,  Jr. 
Western  Society  of  Engineers. 

first  elected. 

Between  June  11 
and  Nov.  i,  1881. 

Dec.    4,  1889. 
Nov.     I,  1893. 
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Annual  Report  of  tlie  Cliairinan  of  the  Board  of  Managfers. 

Cleveland,  Ohio,  December  31,   1903. 

To   the  Board  of  Managers  of  the  Association   of  Engineering 
Societies. 

Gentlemen  : — I  have  the  honor  to  present  to  you  ni}-  report 
for  the  year  1903,  and  to  transmit  therewith  the  report  of  the 

Secretary  for  the  same  period. 

The  latter  document  shows  not  only  an  increase  in  the  cost  of 

the  Journal,  due  to  continued  advances  in  the  printers'  rates,  but 
also  a  decrease  in  the  amount  of  matter  published. 

For  the  former  state  of  affairs  there  is  probably  no  remedy  in 

sight  while  business  continues  fairly  active ;  but  it  is  much  to  be 

hoped  that  the  members  of  our  Societies  will  see  the  propriety  of 

taking  advantage  of  the  excellent  facilities,  presented  by  our  Jour- 
nal, for  the  wide  circulation  of  their  papers,  in  excellent  shape,  and 

before  an  appreciative  and  extended  circle  of  readers. 

We  have  recently  been  gratified  to  receive  an  application  for 

membership  in  the  Association  of  Engineering  Societies  from  the 

Toledo  Society  of  Engineers,  and  this  application  'is  now  being 
sent  to  you  for  letter  ballot. 

I  desire  to  call  attention  of  the  members  to  the  statement  of 

assets  and  liabilities,  showing  a  very  satisfactory  condition  of  the 

Association.  We  certainly  have  good  reason  to  be  well  satisfied 

with  the  careful  and  painstaking  manner  in  which  the  Secretary 

has  handled  the  affairs  of  the  Association,  and  I  trust  that  the  Asso- 
ciation will  this  year  show  its  appreciation  of  his  care  by  allowing 

him  a  proper  recompense  for  his  services.  The  entire  responsi- 
bility for  the  affairs  of  the  Association  rests  upon  him,  and  the 

nominal  compensation  which  he  receives  is  not  by  any  means  ade- 

quate. 
I  desire  to  extend  to  the  new  Chairman  my  best  wishes  for  his 

success  in  the  administration  of  his  ofiice,  and  I  trust  that  he  will 

have  the  same  pleasant  relations  with  the  Secretary  and  the  members 

as  I  have  had  in  the  past. 

In  conclusion,  I  wish  to  thank  the  members  and  the  Secretary 

for  their  uniform  courtesy  to  me  during  the  past  and  to  request  the 

same  for  my  successor. 
With  best  wishes  for  the  success  of  the  Association  and  its 

members, 
Very   respectfully, 

James  Ritchie,  Chairman. 
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Annual  Report  of  tlxe  Secretary  of  tlie  Board  of  Manaj»*er8. 

Philadelphia,  December  31,   1903. 
Mr.  James  Ritchie^  Chairman, 

413  Chamber  of  Commerce,  Cleveland,  Ohio. 

Dear  Sir  : — I  have  the  honor  to  present  the  following  report  upon  the 

operations  of  the  Secretary's  office  during  the  year  1903,  and  of  the  con- 
dition of  the  affairs  of  the  Association  at  the  present  time. 

These  data  are  concisely  stated  in  the  following  statistical  appendixes : 

A.  Statement  of  receipts  and  expenditures  dui'ing  1903. 
B.  Estimate  of  assets  and  liabilities  at  the  close  of  1903. 

C.  Detailed  statement  of  cost  of  Journal  during  1903,  by  months. 

D.  Net  cost  of  Journal  during  1903. 

E.  Statement  of  material  in  Journal  during  1903.  by  pages. 

F.  Comparison  of  mailing  lists  of  the  Journal  at  the  close  of  1902  and 

of  1903.  respectively. 

G.  Comparison  of  conditions,   1894  to  1903,  inclusive. 

H.     Comparison  of  conditions,  1901,  1902,  1903. 

J.     Abstract  of  minutes  of  Board  of  Managers. 

Repeated  and  sharp  advances  in  printers'  rates  have  brought  about  an 
increase  in  all  the  columns  of  Appendix  H  which  refer  to  the  cost  of  the 

Journal.  Notwithstanding  this,  our  cash  balance  and  our  estimated  net 

assets,  at  the  close  of  1903.  are  but  slightly  less  than  at  the  close  of  1902, 

although  the  annual  assessment  of  $2  per  member,  established  in  i8g8,  has 
been  maintained.  This  is  the  lowest  rate  of  assessment  thus  far  reached, 

except  that,  in  1899,  the  surplus  in  the  treasury  permitted  a  special  rebate 

of  $1  per  member,  bringing  the  actual  net  assessment,  for  that  year,  to  $1 
per  member. 

I  call  your  attention  especially  to  the  marked  and  gratifying  extent  to 
which  some  of  the  Societies  have  taken  advantage  of  the  arrangement 
whereby  the  Association  allows,  to  its  Societies,  a  commission  of  90  per 

cent,  upon  all  advertisements  obtained  by  them  for  the  Association  Journal, 

thus  practically  printing  the  advertisements  for  the  Societies  at  cost,  and 

leaving,  to  the  Societies,  the  net  receipts  from  their  insertion. 

The  Engineers'  Society  of  Western  New  York  earns,  in  this  way,  an 
amount  practically  equal  to  its  annual  assessments,  and  the  Boston  Society 
has  greatly  increased  its  activity  in  this  direction  during  the  year  just 
closed. 

Thus  far,  however,  only  a  beginning  has  been  made  in  this  direction; 

and  our  Journal  still  remains  far  from  earning,  in  this  way,  the  sums  to 
which  its  value,  as  an  advertising  medium,  entitles  it. 

The  exchange  of  advertisements,  between  the  Journal  and  a  number 
of  the  best  engineering  periodicals,  has  been  continued. 

During  the  year  1903,  thirty-four  papers,  as  follows,  were  published  in 
the  Association  Journal  : 

Boston  Society  of  Civil  Engineers. 

"Foundation  for  Coal  Pocket  at  Lincoln  Wharf,  Boston  Elevated  Rail- 

way Company,"  by  Robert  B.  Davis.     March. 
"A  Comparison  of  Three  Methods  of  Estimating  Quantities  of  Soil 

Stripping  from  Water-Supply  Reservoirs,"  by  Frank  S.  Hart.     April. 
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"Method  of  Estimating  Quantities  of  Soil  Excavation  from  Wachuseft 
Reservoir,"  by  Chas.  A.  Bowman.     April. 

"Boston  Foundations,"  by  Joseph  R.  Worcester.     June. 

"Foundations,"  by  George  B.  Francis.     June. 
"The  Failure  of  a  Sea  Wall  and  Its  Reconstruction,"  by  Clarence  T. 

Fernald.     June. 

"Foundations  for  the  Elevated  Structure  of  the  Boston  Elevated  Rail- 

wa}'-,"  b}^  George  A.  Kimball.     June. 

"Early  and  Curious  Types  of  the  Cantilever  Bridge  in  New  England 

and  New  Brunswick,"  by  Alfred  W.  Parker.    July. 
"Action  of  Sea  Worms  on  Foundations  in  Boston  Harbor,"  by  F.  W. 

Hodgdon.     August. 

"Rainfall  and  Run-off  of  New  England,  Atlantic  Coast  and  South- 

western Colorado  Streams,"  by  William  O.  Webber.     November. 

Civil  Engineers'  Club  of  Cleveland. 

"Electric  Railway  Bridges,"  by  Wilbur  J.  Watson.     January. 
"The  Burning  of  Pulverized  Coal,"  by  C.  O.  Bartlett.     July. 

"The  Cost  of  Open-Hearth  Steel  as  Affected  by  Using  Blast-Furnace 

Gas  in  Gas  Engines,  and  Remarks  on  the  Latest  Improvements,"  by  Peter 
Eyermann.     September. 

Engineers'  Club  of  Minneapolis. 

"The  Theory  of  Operation  of  the  Gasoline  Engine,"  by  E.  C.  Oliver. 
February. 

"Red  River  Valley  Drainage  Ditches,"  by  Prof.  W.  R.  Hoag.     April. 

Montana  Society  of  Engineers. 

"Annual  Address,"  by  Joseph  H.  Harper.     May. 

Engineers'  Club  of  St.  Louis. 

"Electric  Shop  Drive."     Discussion.     January. 
"On  the  Use  of  Beaumont  Oil  as  Fuel,"  by  Henry  H.  Humphrey. March. 

"St.  Louis  Water  Supply,"  by  R.  E.  McMath.     May. 
"A  Century's  Progress  in  Engineering  Education  in  the  United  States," 

by  Robert  Heywood  Fernald.    July. 

"Reduction  of  Grade  on  Railroads,"  by  C.  D.  Purdon.    July. 

"The  Heyland  Induction  Motor,"  by  A.  S.  Langsdorf.     September. 

"The  Physical  Structure  of  Metals  and  Alloys,"  by  J.  J.  Kessler,  Jr. 
December. 

Technical  Society  of  the  Pacific  Coast. 

"Rainfall  on  the  Pacific  Coast  of  North  and  Sovith  America  and  the 

Factors  of  Water  Supply  in  California,"  by  Marsden  Manson.     March. 

"Personal  Experiences  in  the  Construction  of  a  Landing  Pier  for  the 
Ocos  Railway,  Guatemala,  Central  America,"  by  Charles  List.     IMarch. 

"Concrete-Metal  Construction,"  by  Emile  Villet.     October. 

"Patent  Laws.  Are  They  any  Longer  Necessary  to  Progress  in 
Mechanic  Arts?"  by  Geo.  W.  Dickie.     December. 

"Patent  Law  Administration,"  by  John  Richards.     December. 

Detroit  Engineering  Society. 

"Detroit  Sewer  System,"  by  W.  C.  King.     January. 
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Engineers'  Society  of  Western  New  York. 

"Abatement    of   the    Smoke    Nuisance."     Report    of    Smoke-Abatement 
Committee.    Januarj-. 

"The  Metric  System,''  by  C.  H.  Tutton.     February. 
"Good  Roads,"  by  George  C.  Diehl.     October. 

Louisiana  Engineering  Society. 

"Goldschmidt  Method  of  ̂ Metallurgy  and  High  Temperature  Production 

by  Means  of  Thermite,"  by  B.  Palmer  Caldwell.     August. 
■"Gas."  bv  Thomas  D.  Miller.     October. 

The  abstract  of  minutes  of  the  Board  of  Managers,  including  the  original 

meeting  of  representatives  of  the  Societies,  held  in  Chicago,  December  4, 

1880,  and  extending  to  the  present  date  inclusive,  and  the  digest  of  Rules, 
following  the  Articles  of  Association,  have  been  compiled  from  such  data 

as  are  available  to  the  Secretary,  and  it  is  hardly  to  be  hoped  that  they  are 

complete.  Indeed,  certain  gaps  are  indicated  in  the  record.  The  undersigned 

will  be  greatly  obliged  for  any  suggestions  looking  to  the  improvement  of 
these  records. 

Respectfully  submitted. 

John  C.  Tkautwine,  Jr.,  Secretary. 
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APPENDIX  A. 

Statement  of  Receipts  and  Expenditures  during  1903. 
CASH^   1903. 

Dr. 
To  Cash  Balance,  January  i,  1903    $1,608.68 

"    Assessments,  at  $2.00  per  member  : 
Boston  Society  of  Civil  Engineers    $1,030.50 

Civil  Engineers'   Club  of  Cleveland....        569.00 
Engineers'   Club  of  St.   Louis          339-50 

Civil  Engineers'  Society  of  St.  Paul...  60.00 
Engineers'   Club  of  Minneapolis           186.50 
Montana  Society  of  Engineers          241.00 

Technical  Society  of  the  Pacific  Coast.  .        301.00 

Detroit  Engineering  Society           161.00 

Engineers'     Society    of    Western    New 
York       93.50 

Louisiana   Engineering   Society              125.00 
      3,107.00 

To  Initiation  Fee,  Toledo  Society  of  Engineers    27.00 

"    Subscriptions           641.56 
"    Sales  of  Journal           157.62 
"        "      "    Descriptive    Index       20.00 

"      "    Reprints    44.25 
"        "      "    Periodicals        16.60 

"    Advertisements             377.00 
Advance  proofs  of  paper,  etc    10.00 

"    Interest  on  deposits    43-82 

Cr.      ■ 
 ~ By  Patterson  &  White  Co.   (Printers)    $2,875.94 

Illustrations      680.24 

Secretary's   salary    600.00 
Commissions   on   subscriptions       33.00 

"               "     sales      19.95 
''     advertisements : 

Boston  Society  of  Civil  Engineers        $216.00 

Civil  Engineers'  Club  of  Cleveland....  16.20 
Engineers'  Club  of  St.  Louis    36.00 ■    268.20 

Telephone   service,   two  years    20.00 
Binding  Volumes  XXVIII  and  XXIX    2.00 

Messenger    service       2.24 

Telegrams      6.14 

Express    charges       3.43 

Postage  stamps     34.55 
Stationery     10.58 
Mimeographing     1.65 

Cash  Balance,  December  31,  1903: 

Provident  Life   and   Trust   Co     $1,475.47 
Cash  on  hand     20.14 

3,053.53 

1-.557-92 

1,495.61 
3.053-53 
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APPENDIX  B. 

Estimate  of  Assets  and  Liabilities  at  the  Close  of  1903. 

available  assets. 

Cash  Balance.  December  31.  1903    $1,495.61 

Less  subscriptions  for  1904,  paid  during  1903    63.00 
   $1,432.61 

Amounts  receivable  from  Societies  (for  assessments,  ad- 
vertisements, etc.)  : 

Boston  Society  of  Civil  Engineers    $489.00 

Civil  Engineers'  Club  of  Cleveland    158.40 
Engineers'  Club  of  St.  Louis    152.50 

Civil  Engineers'  Society  of  Sf.  Paul ....  10.50 
Montana  Society  of  Engineers.    61.25 

Technical  Society  of  the  Pacific  Coast.  .  3.50 

Detroit  Engineering  Society      57-50 

Engineers'     Society    of    Western    N'ew 
York       273.00 

Louisiana  Engineering  Society    34-50    $1,240.15 

Subscriptions  due : 

For  1903          $7500 

"     1902     12.00 
1901  and  earlier          219.00 

         306.00 

For  reprints              122.92 

'■      advertisements  (other  than  through  Societies)          371-33 
sales    of   Journal           23.05      2,063.45 

$3,496.06 liabilities. 

Patterson  &  White  Co.  (Printers)  : 

For  December  Journal        $221.99 

"     reprints      46.58 
      $268.57 

Commissions  on  advertisements : 

Boston  Society  of  Civil  Engineers        $440.10 

Civil  Engineers'  Club  of  Cleveland    61.20 

Engineers'  Club  of  St.  Louis    36.00 

Engineers'    Society    of    Western    X^ew 
York             176.40 

A.  E.  Story,  advertising  agent    25.00 
         738.70 

Illustrations      12.25 
      1,019.52 

Net  assets   ■    $2,476.54 
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APPENDIX   D. 

Net  Cost  of  Journal.  1903. 

Gross  cost,  as  per  Appendix  C    $4ii33-24 

Paid  for  reprints           *$92.04 
Received  from  sales  of  reprints    44-25         U7-79 

$4,181.03 Deduct  receipts,  as  below,  as  per  Appendix  A : 
From  subscriptions         $641.56 
Less  commissions       33.00 

      $608.56 

From  sales  of  Journals        $157.62 

"  ■■      ■■  Descriptive  Index      20.00 

$177.62 Less  commissions    19-95 
        157-67 

From  sales  of  periodicals    16.60 

"      advertisements           $377.00 
Less  commissions            268.20 

         108.80 

From  interest  on  deposits    43.82 
        935-45 

Net  cost  of  Journal,  1903    $3,245.58 

APPENDIX   E. 

Statement  of  Material  in  Journal  durinc;  1903,  by  Pages. 

Papers. 

January    46 
February    34 
March    44 
April    52 
May    94 
June    82 
July     48 
August    14 
September    26 
October    42 
November    54 
December    32 

Totals    568 

Covers   

Pro- 
ceed- 
ings. 

74 

Chair- 

man's 

Report, 
etc. 

Adver-  'indexes 
tise-     '      to 

ments.      Vols 

List  of 

Mem- 

bers. 

Totals. Cuts. 

178 6 

56 

5 

76 

18 

70 

8 

114 

5 

114 

6 
66 5 

32 

2 

44 

8 
66 6 

74 

I 
68 8 

958 

78 

Plates 
and 

Full- 

Page 

Cuts. 

63 

Total   1006 

'Compiled  from  printers'  bills  for  1903. 
tSeveral  considerable  bills  for  reprints  remaining  due  the  Association  at  the  close 

of  1903,  the  payments  on  that  account,  during  1903,  have  exceeded  the  receipts  during 

the  same  period. 
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APPENDIX  F. 

Comparison  of  the  mailing  lists  of  the  Journal,  at  the  close  of  1902 
and  1903,  respectively : 

In-    De- 
1902.  I903.  crease,  crease. 

Boston  Society  of  Civil  Engineers    513  520  7 

Civil  Engineers'  Club  of  Cleveland    233  216  ..             17 

Engineers'  Club  of  St.  Louis      215  225  10 

Civil  Engineers'  Society  of  St.  Paul       25  21  .  .               4 
Engineers'  Club  of  Minneapolis       61  86  25 
Montana  Society  of  Engineers      118  109  .  .               9 

Technical  Society  of  the  Pacific  Coast     150  154  4 
Detroit  Engineering  Society     106  122  16 

Engineers'  Society  of  Western  New  York....     65  68  3 
Louisiana  Engineering  Society       58  67  9 

In  the  Societies  composing  the  Association.  .1544  1588  74            30 

Net   Increase   44 

Extra  copies  to  Societies       52  41  ..             11 

Advertisers          20  34  14 

Exchanges        133  131  . .              2 
Subscribers       220  222  2 

Complimentary   copies            i 

1970  2016  90            43 

Besides  this,  many  copies  have  been  sold  and  specimen  pages  sent  out, 

and  authors  of  papers  have  each  received  five  copies  of  the  Journal  con- 
taining them.  In  all,  2300  copies  of  the  May  number  were  printed,  2350  of 

June  and  2250  of  each  of  the  other  months. 
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REPORTS    OF   AUDITORS. 

FOR    1899. 

Boston,  Mass.,  February  5,  1900. 

The  undersigned,  having  been  requested  by  the  retiring  Chairman  of 

the  Board.  Prof.  George  D.  Shepardson.  to  audit  the  books  and  accounts  of 

the  Secretarj-  for  the  year  1899,  would  report  that  the  books  have  been  cor- 
rectly kept  and  in  a  businesslike  manner,  that  satisfactory  vouchers  have 

been  shown  for  the  expenditures  and  that  the  balance  on  hand  December 
31st  was  $1866.34. 

S.    E.    TiNKHAM, 
Henry  jManley. 

FOR    1900-1901. 

31  IMiLK  Street,  Boston,  February  8,  1904. 
I  have  examined  the  accounts  of  the  Secretary  of  the  Board  of  Managers 

of  the  Association  of  Engineering  Societies  for  the  calendar  years  1900  and 

1901  and  found  them  correct!}-  cast  and  properly  vouched. Fred    Brooks. 

The  undersigned  has  made  such  examination  of  the  accounts  of  the 

Secrefarj-  of  the  Board  of  JManagers  of  the  Association  of  Engineering 
Societies  for  the  calendar  years  1900-1901  as  to  satisfy  him  of  their  general 
correctness,  and  has  also  conferred  with  Mr.  Fred  Brooks,  Auditor,  relative 

to  the  same,  and  accepts  and  concurs  in  the  statement  that  they  are  correctly 
cast  and  properly  vouched. 

John  R.  Freeman. 

Note. — Mr.  Brooks's  and  Mr.  Freeman's  reports  have  been  delayed  by 
the  fact  that  numerous  slight  discrepancies,  discovered  by  them  in  their 

examination  of  the  books  early  in  1902,  have,  owing  to  want  of  time,  re- 

mained unexplained  or  unadjusted  until  recently. — Secretary. 

FOR    1902-1903. 

The  undersigned  appointed  by  the  Chairman  of  the  Board  of  Managers 
of  the  Association  of  Engineering  Societies  to  examine  the  books  and  ac- 

counts of  the  Secretary  of  the  Association,  for  the  calendar  years  1902  and 

1903,  have  attended  to  that  duty  and  find  them  correctly  kept,  with  satis- 
factory vouchers  for  all  payments  and  that  the  cash  balance  in  his  hands 

December  31,  1903,  was  $1495.61. 
Henry  Manley, 

   S.    E.    TiNKHAM. 

Note. — The  Reports  of  Auditors  for  1900-1901  and  for  1902-1903, 
although  dated  February,  1904,  are  printed  in  the  Journal  for  January, 

which,  in  accordance  with  our  custom,  goes  to  press  in  February. — Secretary. 
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TIIklBER  CRIB  FOUNDATIONS. 

By  George  B.  Francis,  Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  before  the  Society,  January  14,   1904.*] 

In  the  following  article  the  writer  desires  to  describe  his  own 

experience  in  the  construction  of  timber  cribs  for  different  pur- 
poses in  various  parts  of  the  United  States,  and  no  attempt  will  be 

made  to  set  forth  all  the  uses  for  which  they  may  be  constructed,  or 

to  explain  the  many  combinations  in  which  the  constituent  parts 

may  be  arranged. 

Generally  speaking,  a  timber  crib  may  be  said  to  be  one  of 

the  big,  crude  structures  which  engineers  use  for  temporary  work 

when  built  above  water,  or  to  save  money  on  initial  cost.  When 

placed  in  water  not  infested  with  destructive  worms,  they  are,  if 

carefully  made,  structures  for  permanent  work. 

CRIB  AT  HALLETT'S  HADES  ON  THE  OREGON  RAILWAY  AND  NAVIGATION 

company's  line,  COLUMBIA  RIVER,  OREGON.      BUILT  IN    1883. 

Fig.  I  shows  Hallett's  Hades,  a  point  about  twelve  miles  west 
of  The  Dalles,  Oregon,  where  the  railroad  track  passes  closely 

along  the  base  of  a  precipitous  cliff,  varying  in  .height  from  100  to 

500  feet.  This  cliff  was  in  fact  blown  off  for  the  formation  of  the 

roadbed.  Its  rock  is  of  volcanic  formation,  and  of  such  a  nature 

as  to  be  displaced  by  the  frosts  and  winds,  in  blocks  from  a  few 

pounds  to  a  few  tons  in  weight.  At  times  scarcely  an  hour  would 

pass  without  pieces  of  large  size  falling  and  causing  damage  to 

track  or  passing  trains.  In  consequence,  it  was  necessary  to  keep 

watchmen  constantly  on  duty,  and  oblige  all  trains  to  slow  down 

^Manuscript  received  January  25,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
13 
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and  run  with  caution.     Instances  have  occurred  where  masses  of 

falHng  rock  have  broken  through  the  roof  of  a  passenger  car. 
On  the  river  side  of  the  track  the  rock  slope  made  off  into  the 

river  at  an  angle  of  one  to  one,  and  at  low-water  stage  the  river 
was  about  30  feet  below  the  rail  level. 

The  company  decided  to  build  a  sawed-timber  crib,  several 
hundred  feet  in  length,  on  this  slope,  so  that  the  track  might  be 
moved  from  the  face  of  the  cliff  about  25  feet,  and  placed  on  the 
crib  beyond  the  range  of  falling  rocks.  On  account  of  less  expense 
it  was  considered  preferable  to  build  a  crib  than  to  make  a  fill,  as  the 
water  was  of  great  depth. 

A  firm  base  was  made  by  casting  over  the  lower  part  of  the 

slope,  and  on  this  the  timber  was  laid  in  cob-house  fashion,  and 
filled  with  rock.  Holes  were  drilled  in  all  the  large  boulders  left 
beneath  the  crib,  and  the  lower  courses  of  timber  were  anchored 
to  these  in  various  ways  with  steel  rods.  At  all  intersections  of  the 
timber  drift  bolts  were  used.  In  all,  several  million  feet  board 

measure  were  put  into  this  crib.  Subsequently,  some  very  heavy 
rock  fell,  wrecking  portions  of  it  and  involving  repair. 

During  the  construction  of  this  crib  it  was  my  duty  to  mark 
the  transit  lines  for  the  location  of  the  new  track  and  to  see  that  the 

crib  was  laid  out  correctly  to  fit  the  new  conditions  of  alignment  and 
grade.  At  one  time  the  rodman  was  giving  a  backsight  on  the 
existing  track  under  the  highest  part  of  the  cliff  when  we  suddenly 

heard  the  rattle  of  loose  rock  above.  Looking  up  I  saw  a  consider- 
able quantity  falling,  directly  over  his  head,  and  at  once  shouted 

to  him  to  run ;  he  did  so  (probably  without  waiting  to  hear  me) ,  and 
escaped  about  fifteen  tons  of  material,  which  fell  on  and  destroyed 
the  backsight.  These  frequent  falls  made  life  hazardous  for  the 
workmen,  but  the  work  was  completed  without  accident. 

It  was  also  a  part  of  our  duty  to  determine  the  length  and 
amount  of  timber  used,  and  each  stick  had  to  be  carefully  measured. 

On  comparison  with  the  statements  of  the  mills,  some  large  dis- 
crepancies were  found.  Investigation  showed  that  the  mills  re- 

corded the  length  of  sticks  furnished,  in  even  figures  at  the  nearest 
2  feet,  and,  as  the  sticks  averaged  probably  not  more  than  24  feet 
in  length,  a  difference  of  5  per  cent,  was  not  excessive.  Refinement 
in  measurement  was  not  in  vogue  where  timber  was  so  plentiful 
and  cheap.  It  would  be  interesting  to  know  the  present  condition 
of  the  work,  if  it  has  not  been  replaced. 

The  photograph  was  taken  previous  to  the  construction  of  the 
crib.  This  work  was  built  under  the  direction  of  Mr.  A.  A. 

Schenck,  a  Member  of  the  American  Society  of  Civil  Engineers. 



Fig.  I.     Location  of  Crib  at  Hallett's  Hades. 
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CRIB  AT  TOXAWAXDA  ISLAND  IN  THE  NIAGARA  RIVER  ON  A  BRANCH  OF 

THE  N.  Y.  C.  &  H.  R.  R.  R.  AT  TONAWANDA^  N.  Y.     BUILT  IN   1 886. 

Fig.  2  illustrates  the  construction  of  one  of  the  end  piers  for 
th€  drawbridge.  Two  of  these  end  piers  and  one  center  pier  were 

constructed  in  the  manner  exhibited  for  a  single  track  draw- 
bridge, in  about  18  feet  of  fresh  water,  flowing  at  the  rate  of  five 

miles  an  hour.  As  there  are  no  worms  to  destroy  the  timber  in  the 
fresh  water  of  the  Great  Lakes,  this  was  the  most  economical  way 
to  construct  permanent  foundations  for  the  bridge. 

The  cribs  were  built  on  ways,  on  the  shore,  and  launched. 
They  were  then  ballasted  in  the  loading  pockets,  towed  into  position 
and  sunk  by  means  of  additional  ballast  in  the  loading  pockets. 

Later,  piles  for  supporting  the  pier-load  were  driven  into  the  open 
pockets,  and  the  riprap,  concrete  and  masonry  work  followed. 
In  this  construction  all  the  timber  was  sized  and  framed  together. 

The  corner  timbers  being  half-lapped  and  the  cross  partition  timbers 
half-lapped  and  framed  on  a  miter.  It  was  quite  a  difficult  matter 
to  tow  the  cribs  into  position,  on  account  of  the  strong  current,  and 
at  the  first  trial,  owing  to  an  insufficient  number  of  tugs,  the  larger 
crib  became  unmanageable.  It  was,  however,  towed  to  the  shore, 
some  few  hundred  feet  below  the  site  of  the  bridge,  and  afterward 

brought  into  position.  It  w'ill  be  noticed  on  the  cut  that  above  the 
sixth  course  of  timber  the  only  method  of  fastening  the  courses  one 
to  another  is  by  means  of  drift  bolts  put  in  at  an  angle.  This  work 

was  completed  in  a  thorough  manner,  at  a  moderate  cost,  as  com- 
pared with  masonry  piers  carried  to  the  bed  of  the  stream,  and  the 

bridge  is  still  doing  good  service. 

A  DESIGN  FOR  A  CRIB  BASE  FOR  A  SEA  WALL  FOR  THE  FORE  RIVER  SHIP 

AND  ENGINE  WORKS,   AT  QUINCY,   MASS.,   IN    I90I. 

This  design  (Fig.  3)  was  made  and  submitted  with  a  contrac- 

tor's bid.  The  work  of  construction  was  not  awarded  to  any  bidder, 
but  I  understand  that  a  crib  based  on  a  similar  design  has  been 
adopted  by  the  owners  for  this  location.  The  scheme  was  to  secure 
a  wharf  front,  about  900  feet  long,  giving  30  feet  of  water  at  low . 
tide,  and  to  operate  a  heavy  Gantry  crane  along  the  same. 

The  underlying  material  is  of  sand,  and  it  was  proposed  to 
dredge  this  out  and  sink  the  crib;  then  to  drive  piling  to  support 
the  wall  and  crane  track  in  a  firm  manner.  The  piles  were  to  be 
driven  in  the  open  pockets,  and  the  loading  for  sinking  the  crib  was 
to  be  placed  in  the  closed  pockets.  It  was  intended  that  the  crib 
be  started  in  sections  about  100  feet  long  on  the  ways  on  shore, 
then  launched  and  completed  in  the  water.    As  there  are  sea  worms 
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B.  Line  of  superstruc- 
ture wall. 

C.  Sheet  piling  of  coffer- 
dam, cut  off  to  allow  plank 

platform  to  cantilever  to 

property  line. 

D.  10  X  14-inch  waling strips. 

E.  Buffer  piles. 
F.  Filling  pocket. 

H.  Platform  under  sea wall. 

J.  Harbor  line. 
P.  Bearing  piles. 

R.  Loading  pocket. 
S.  Brace  piles. 

T.  Stringers. 

Fig.  4.    Plan  of  Crib  at  Providence,  R.  I. 
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Fig.  5.     Cross  Section  Through  Crib  at  Providence,  R.  I. 

A.  Approximate  finished  grade.     El.  7.00. 
B.  Solid  fill. 

C.  Portland  cement  concrete. 

D.  4  X  5^-inch  wrought-iron  collars  and  2^   x  5^-inch  wrought-iron 
anchor  bars  for  buffer  piles. 

E.  Buffer  piles. 

F.  High  water. 
H.  Platform. 

I.  12  X  12-inch  pile  caps. 
J.  Harbor  line. 

K.  Longitudinal  partitions,  bolted  together  with  long  114-inch  fie  bolts. 
L.  Low  water.  El. — 5.00. 
]M.  Present  river  bed. 

N.  Dredge  line.     El — 18.50. 
P.  Foundation  piles. 

Q.  Floor  of  loading  pocket. 

R.  Loading  pocket. 

S.  Brace  piles.  » 
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in  this  water,  it  was  proposed  to  cover  the  face  of  the  crib  with 

creasoted  timber,  4  inches  in  thickness.  Such  a  wharf  front,  inckid- 
ing  dredging  and  wall,  could  be  built  for  very  much  less  outlay  than 
wall  laid  under  water,  as  all  of  the  work  could  be  done  without  the 

aid  of  a  diver  and  in  a  rapid  manner,  and  at  the  same  time  would  be 

equally  permanent  and  substantial. 

tCRIB  AT  PROVIDENCE^  R.  I.^  FOR  BASE  OF  SEA  WALL  AT  THE  MAN- 

CHESTER STREET  POWER  HOUSE  OF  THE  RHODE  ISLAND  SUBURBAN 

RAILWAY  COMPANY.      BUILT  IN   I902. 

The  conditions  (Figs.  4,  5  and  6)  here  were  similar  to  those 

at  Quincy,  Mass.,  excepting  that  the  bottom  of  the  channel  is  a 

W 

r<     W  Lr\ 
ri   LN    U. 

]A 

hi 

Fig.  6.    Elevation  of  Crib  at  Providence,  R.  I. 

A.  Approximate  finished  grade.     El.  7.00. 
B.  Granite-face  masonry. 
C.  High  water. 

D.  Low  water.     El.- — 5.00. 
E.  Pile  caps. 

F.  %  X  18-inch  drift  pins. 
G.  Ties,  8  X  12  inches,  continuous. 
H.  Timbers,  12  x  12  inches. 

J.    Dredge  line.     El. — 18.50. 
K.     Wall  foundation  piles. 

soft  river  mud.  The  same  principles  were  adopted,  with  the  excep- 
tion of  a  creasoted  face  planking.  There  are  practically  no  worms 

m  the  upper  harbor  at  Providence,  owing  to  the  foulness  of  the 
water.    In  this  case  the  crib  was  built  and  sunk  without  the  use  of 
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a  diver.  The  sea  wall  was  built  on  the  bearing  piles  driven  in  the 

open  pockets. 
For  a  sea  wall  against  which  vessels  are  to  lie,  such  a  crib  offers 

a  most  substantial  base.  It  is  thus  possible  to  obtain  a  permanent 
structure,  built  of  ordinary  materials,  put  together  by  inexpensive 
labor,  above  water,  and,  above  all,  at  a  reasonable  cost. 

The  addition  of  bearing  piles  in  the  open  pockets  secures  a 
firm  foundation  for  any  structure  that  may  be  needed  close  to  the 
wharf  front. 

CRIB   AT   WILKESBARRE,   PA..    ALONG  THE   SUSQUEHANNA   RIVER,    FOR 

THE  CENTRAL  VALLEY  RAILROAD  COMPANY.      BUILT  IN   I9O3. 

The  Susquehanna  River  at  this  point  has  a  rise  and  fall  of 
about  30  feet.  Owing  to  the  other  railroads  having,  in  a  large 

degree,  pre-empted  the  river  bank,  it  was  necessary  to  locate  the 
new  double-track  railroad  well  out  toward  the  low-water  line,  save 

Fig.  7.     Typical  Cross  Section  of  Crib,  Susquehanna  River. 

Note. — Transverse  timbers  spaced  7  feet  cen  to  cen.  Drift  bolt,  %-inch 
at  each  intersection.  Longitudinal  timbers  sized  to  make  courses  level. 

Joints  of  longitudinal  timbers  half-lapped  and  drift-bolted. 

at  certain  rocky  points.  The  construction  of  a  plain  embankment 
at  these  places  involved  two  undesirable  features :  first,  a  slope, 
extending  too  far  out  into  the  river,  and  in  a  manner  liable  to  meet 
with  objections ;  second,  the  necessity  of  securing  a  large  amount  of 
material,  not  readily  available  at  low  cost,  until  the  completion  of  the 
road. 

A  timber  trestle  was  out  of  the  question,  as  it  would  have  to 

stand  in  the  water  at  flood  height,  while  heavy  ice  was  running  in 
the  river.  A  masonry  wall  was  very  expensive,  and  its  foundations 
somewhat  uncertain. 

It  was  finally  decided  to  construct  three  round-timber  cribs 



72  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

(Fig-s.  7,  8,  9,  10  and  ii),  each  about  6oo  feet  long,  and  with 
maximvim  heights  of  about  30  feet.  The  bases  are  founded  either 

on  shelves  cut  into  the  river  bank,  or  on  riprap  dumped  into  the 

river  to  above  the  low-water  mark.  The  pockets  are  7  feet  square, 
and  are  filled  with  riprap.  The  round  logs  are  drift,  bolted  at  each 

intersection.  Hemlock,  spruce,  pine  and  some  hard  woods  have 

been  used.  It  was  difficult  to  obtain  the  large  quantities  at  the 

proper  times,  and  some  of  it  had  to  be  brought  from  as  far  away 

as  Virginia.  It  was  also  troublesome  to  obtain  suitable  stone  for  the 

riprap.  Here,  again,  it  was  necessary  to  go  considerable  distances 

for  material,  as  the  rock  available  in  the  immediate  vicinity  is  an 

inferior  anthracite  mine  rock,  called  "gob,"  which  disintegrates  upon 
exposure  to  weather. 

In  this  work  reduction  of  first  cost  was  the  great  consideration. 

CRIBS  FOR  CENTER  AND  END  PIERS  OF  A  DRAWBRIDGE  AT  GRAND 

HAVEN,  MICH.  BUILT  IN  I903  FOR  THE  GRAND  RAPIDS,  GRAND 
HAVEN  AND  MUSKEGON  RAILROAD. 

In  this  case  it  was  desirable  to  build  permanent  substructures 

at  the  least  cost.  In  this  fresh  water  there  were  no  worms,  conse- 
quently a  substantial  timber  structure  below  water  level  would  be 

as  durable  as  masonry. 

The  work  involved  the  removal  of  an  old  swinging  highway 

drawbridge  on  simple  piling,  and  building  a  new  and  wider  draw- 
bridge to  accommodate  the  highway  traffic  and  an  interurban  electric 

railroad. 

This  widening  of  structure  made  a  new  center  line  of  bridge, 

and  additional  piles  were  driven,  which,  together  with  the  old  ones, 

took  the  new  load.  Around  the  entire  piling,  at  each  pier,  cribs 

were  built  on  the  surface  of  the  water,  and  were  finally  sunk,  by 

means  of  stone  in  special  loading  pockets,  to  the  required  depth. 

They  were  then  filled  in  an  surrounded  with  riprap,  to  give  them 

great  stififness.  The  piles,  which  were  to  support  the  new  load, 

were  then  capped,  and  concrete  structures  carried  from  low  water 

to  the  required  height  for  bridge  bearings.  This  construction  gave 

permanent  piers  at  low  cost. 

Fig.  12  shows  the  methods  used  on  the  center  pier.  The  crib 

work  was  designed  in  New  York  City,  under  the  author's  direction, 
and  executed  under  the  direction  of  others  at  the  site  of  the  work. 

IN    GENERAL. 

The  use  of  rough  timber  cribs  for  cofferdam  purposes  is  quite 

common.  They  form  a  substantial  bulkhead,  against  which  light 

sheathing  can  be  successfully  placed,  even  in  streams  where  it  is 



Fig.  8.     Crib,  Susquehanna  River. 

Fig.  9.     Crib,  Susquehanna  River. 





Fig.  10.     Crib,  Susquehanna  River. 

Fig.  II.     Crib,  Su.squehanna  River. 
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impossible  to  drive  sheathing  in  the  ordinary  manner.  But  such 
use  is,  of  course,  temporary. 

In  the  early  days  in  the  Eastern  States  (and  even  now  in  the 

frontier  region)  timber  cribs  were  made  .use  of  for  highway  bridge 
piers.  The  writer  saw  a  number  of  such  instances  this  summer  in 
Yellowstone  Park,  where  the  Government  engineers  had  quickly 

and  cheaply  made  substantial  crib  piers  capable  of  lasting  a  dozen 
years  or  more. 

A  great  many  "cob-house"  or  crib  docks,  forty  or  fifty  years 
old.  were  removed  from  the  site  of  the  South  Terminal  Station,  in 

Boston,  in  1897-98. 
In  the  mud  flats,  on  the  Jersey  shore  of  the  Hvidson  River, 

opposite  Xew  York  City,  a  great  many  bulkheads  have  been  made 

out  of  round  log  cribs,  with  a  base  from  20  to  30  feet  wide,  and  sunk 
in  dredged  channels.  The  dredged  material  from  the  front  was 
later  placed  in  the  rear. 

Crib  dams  are  cheaply  constructed,  and  have  great  lasting 
qualities  when  properly  loaded  with  rock  and  earth.  Even  a  log 

dwelling  house  is  a  sort  of  crib  construction,  and,  compared  with  a 

frame  house,  is  quite  as  durable  and  frequently  quite  as  artistic. 

The  use  of  crib  timber  in  breakwaters,  jetties  and  other  marine 
structures,  where  it  is  covered  from  the  attacks  of  worms,  is  very 

common.  Timber  cribs  are  also  frequently  used  as  curbing,  sunk 

m  dredged  places  around  the  site  of  large  bridge  piers ;  afterward, 

when  buried  in  the  riprap  or  gravel,  they  give  greater  breadth  and 
stiffness  to  the  base  of  the  structure.  Cribs  of  this  character  (Fig. 

13)  were  sunk  in  the  mud  around  the  piers  of  the  Thames  River 
Bridge,  at  New  London,  Conn. 

In  this  article  no  reference  is  intended  to  be  made  regarding 

the  use  of  timber  as  "grillage,"  or  flooring  upon  piling,  or  as  plat- 
forms placed  upon  earth  or  mud  to  support  masonry  construction. 

There  are  still  many  uses  for  timber  structures  made  in  crib  style, 
particularly  where  the  timber  is  to  be  permanently  wet.  The  average 

owner  does  not,  at  yet,  realize  the  durability  of  timber  construction 
under  water  where  it  is  not  exposed  to  worms.  The  engineer  can 

often  design  structures  of  squared  timber  of  equal  permanence  and 

shapeliness  to  masonrv',  and  of  greater  economy,  where  large  sums 
are  usually  expended  for  concrete  or  stone  work. 
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DISCUSSION. 

Mr.  J.  W.  Rollins,  Jr. — Within  the  last  few  years  our  firm 

has  constructed  several  cribs,  and  I  shall  be  glad  to  give  the  mem- 
bers of  the  Society  the  story  of  our  experience  with  them. 

At  the  Boston  Navy  Yard,  a  sea  wall  700  feet  long  and  45  feet 

high  from  grade  —  30  to  +  I5)  referred  to  mean  low  water,  was 
built  on  a  crib  foundation. 

^or  sojofio^:^  of  caocre/^ 

Secfior) 

Cribs  were  built  of  spruce  piles,  of  a  cob-house  design,  from 
40  to  50  feet  long  and  32  feet  high.  Pockets  were  filled  with  stone 

ballast,  up  to  grade  -f-  2\,  and  a  heavy  concrete  wall  built  on  this 
foundation. 

As  a  protection  against  worms,  the  front  of  the  crib  was  pro- 
tected with  a  concrete  face  wall  3  feet  thick,  and  this  face  wall 
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was  strengthened  with  a  sheet  of  the  heaviest  expanded  metal.  A 

cross  section  of  wall  is  shown  in  the  accompanying  figure. 

This  work  was  done  for  the  Fitchburg  Railroad,  which,  in 

turn,  did  the  work  under  the  inspection  of  the  Government  Engi- 
neers. 

The  cribs  were  built  to  a  height  of  about  20  feet,  on  launch 

ways,  and  the  front  sheeting  for  concrete  was  put  on ;  also  the  form 

for  the  concrete,  which  form  was  fastened,  at  bottom,  by  a  bolt 
which  could  be  withdrawn  and  the  form  thus  released. 

The  engineer  at  first  objected  to  building  the  cribs  with  load- 
ing pockets,  and  insisted  that  the  cribs  should  be  sunk  by  loading 

on  top. 

This  crib,  when  ready  for  sinking,  but  without  ballast,  would 

float  either  with  front  face  horizontal,  or  else  turn  through  an 

angle  of  about  120  degrees.  \Mth  a  mass  of  timber  50  x  32  x  32 

feet,  so  turning  about  on  a  balance,  it  was  a  serious  proposition  to 

sink  it  by  loading  on  top,  especially  as  the  crib  would  naturally 
float  10  feet  out  of  water. 

After  many  futile  attempts  to  sink  the  cribs  by  this  method  of 

loading,  we  persuaded  the  engineer  to  let  us  load  them  in  very 

heavy,  strong  pockets,  and  after  this  we  had  no  particular  trouble. 

The  front  form  being  fixed  at  bottom  of  crib,  and  left  free  to 

move  at  top,  we  were  able  to  make  the  concrete  face  to  a  true  line, 

even  though  the  cribs  themselves  worked  off  of  line  in  loading. 

The  face  wall,  only  3  feet  thick,  with  its  expanded  metal  fast- 
ened to  ends  of  cross  lines  of  piles  and  projecting  a  foot  into  the 

concrete  wall,  was  a  rather  difficult  piece  of  construction,  but  was 

put  in  by  means  of  a  specially  designed  self-dumping  bucket,  20 
inches  wide,  4  feet  long  and  5  feet  high.  This  bucket  could  not  be 

dumped  until  it  was  lowered  to  the  bottom  and  until  a  set  of  side 

dogs  was  thus  released  by  the  weight  of  the  bail  of  the  bucket. 

We  very  soon  got  foul  of  the  expanded  metal  and  tore  it  out 

or  jammed  it  into  balls  of  wire.  It  was  the  universal  opinion  of  all 

concerned,  including  the  Government  Engineers  and  Inspectors, 

that  this  metal  was  a  serious  detriment  to  the  work,  and  the  engi- 
neer so  notified  the  Department  at  Washington ;  but,  as  is  often 

the  case  where  telegrams  have  to  be  made  with  "red  tape,"  it  was 
a  month  before  we  got  permission  to  leave  it  out  where  it  had  been 

torn  out  by  concrete  buckets ;  and  by  that  time  we  had  it  all  in 

again,  not  caring  to  stop  the  work  pending  the  decision.  Later 

on,  divers  found  that,  in  many  cases,  the  expended  metal  had  been 

forced  into  the  concrete  forms ;  and,  when  the  forms  were  removed, 

they  would  take  great  pieces  of  concrete  with  them ;  also,  that  the 
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metal  would  be  "balled  up,"  and  thus  prevent  the  concrete  from 
getting  around  the  obstruction  and  making  a  solid  mass. 

After  the  wall  was  built  and  backfilled,  the  cribs  settled  out 

of  line  in  two  or  three  places,  the  worst  case  involving  a  backward 
tilt  of  the  crib. 

From  our  experience  with  these  cribs,  it  would  seem  that,  in 

order  to  hold  them  to  line,  the  bottoms  of  the  pockets  should  be 

filled  with  concrete,  preferably,  or  else  with  fine-broken  stone,  so 
as  to  give  the  timbers  some  bearing;  for,  by  filling  the  pockets 

alone,  without  regard  to  the  timber  bearings,  the  adjustment  of 

the  load  and  the  settling  together  of  the  filling  will  almost  inevitably 
throw  the  cribs  out  of  line. 

At  the  Fore  River  Works,  Quincy,  we  built  concrete  walls  on 

the  crib,  which  was  according  to  a  plan  submitted  by  Mr.  Francis, 

the  only  change  made  being  a  change  from  rubble  to  concrete. 

The  cribs  and  all  the  foundation  work  were  built  by  the  Fore 

River  Company,  and  they  had  various  troubles  in  their  work. 

In  places,  the  material  dredged  was  running  sand,  and  it  took 

so  flat  a  slope  that  the  back  row  of  piles  tipped  over  to  quite  an 

angle,  and,  of  course,  had  to  be  redriven.  Possibly  the  dredging 

was  carried  too  deep  and  too  far  in,  and  this  helped  the  sand  to 

run  down  from  these  piles. 

Again,  in  filling  the  cribs  after-  they  were  sunk,  very  poor 

material  was  used,  and  the  cross-ties  between  the  walls,  made  of 

lo  X  12  timbers,  were  broken  by  sinking  an  old  car  float  on  them, 

which  allowed  the  finished  wall  to  be  forced  out  of  line,  crack- 

ing it  badly,  and  also  taking  the  back  wall  with  it.  Rods  were  then 

put  in  between  the  walls,  and  these  have  held  the  walls  in  line. 

The  Fore  River  Company  sunk  these  cribs  by  loading  pockets, 

almost  to  submersion,  towing  them  into  place,  then  holding  them 

at  true  grade  and  line  on  four  heavy  piles  at  the  corners,  and 

filling,  under  the  bottom  timbers,  with  blocks  placed  by  a  diver. 

In  places,  the  sand  slid  down  and  filled  up  the  dredged  bottom, 

which  fact  was  not  found  out  until  the  crib  was  sunk,  and  then  a 

sand  pump  and  jets  were  used  to  get  the  sand  out  and  the  crib 

down  to  grade,  but  with  rather  poor  success,  the  cribs  finally  being 

very  uneven  as  to  grade  and  badly  out  of  line. 

The  method  of  tying  cribs  together  with  timber  ties  seems 

open  to  the  objection  that,  unless  great  care  is  taken  in  filling  the 

pockets,  these  ties  may  be  broken ;  and,  as  the  filling  is  generally 

done  by  a  dredge,  large  masses  of  material  are  dumped,  and  this 

material  is  apt  to  strike  and  break  projecting  ties. 
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This  same  trouble  developed  at  the  Boston  Navy  Yard,  in 

building  a  cofferdam  for  the  new  drydock,  where  the  ties  were 
broken  by  the  filling,  and  the  crib,  for  a  great  length,  collapsed 
outward.  Iron  rods  were  then  used,  with  heavier  side  construc- 

tion, and  these  have  given  perfect  results. 

\\^e  have  used  timber  cribs,  as  a  form  for  concrete  for  deep- 
water  construction,  in  various  places  and  with  no  great  difficulties. 

At  Bangor,  for  a  pier  in  the  middle  of  the  Penobscot  River^ 
in  22  feet  of  water  at  low  water,  with  a  rise  of  tide  of  i6  feet,  a  crib 

was  built  of  3  X  12-inch  hemlock  plank,  80  x  22  feet  in  plan,  with 
loading  pockets.  This  crib  was  sunk  into  place,  and  all  the  pockets 
were  filled  with  concrete,  deposited  by  means  of  a  bucket. 

We  had  great  difficulty  here  in  getting  the  crib  down  to  grade, 
it  being  placed  between  two  bents  of  a  temporary  trestle,  and  these 
bents  were  too  close  to  the  sides  of  the  crib  to  allow  for  dredging 
a  space  wide  enough  to  receive  the  crib  at  the  bottom  of  the  river. 
A  water  jet  was  used  to  straighten  the  crib  out  and  to  level  off  the 
bottom. 

Generally,  in  cases  where  cribs  are  to  be  used,  great  care  should 
be  taken ;  first,  to  excavate  the  bottom  down  to  proper  grade,  or 
even  a  little  below,  before  the  cribs  are  sunk ;  and,  second,  as  above 

stated,  to  hold  the  cribs  in  place  and  fill  solid  enough  under  the 
bottom  timbers  to  get  a  proper  bearing  for  the  crib  itself  until  the 
pockets  are  filled. 

At  Concord,  in  building  a  dam  across  the  Merrimac  River,  we 
have  turned  the  river  through  a  canal  and  an  opening  in  the 
masonry  about  60  feet  long,  and  we  propose  to  close  this  opening 
with  a  crib,  floated  into  position  and  sunk,  and  then  drive  sheet 
piling  outside.  In  this  case  we  have  prepared  a  concrete  wall  to 
solid  rock,  against  which  the  sheet  piling  will  be  driven. 

For  very  many  purposes,  and  in  many  places,  cribs  make  the 
most  feasible  construction,  and,  if  carefully  and  properly  designed, 
they  can  be  used  for  permanent  work,  at  a  far  less  cost  than  any 
other  form  of  construction. 
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THE  PIjACE  of  the  GREAT  RAISED  BEACHES 
IN  GEOIjOGY. 

By  Herbert  W.  Pearson,  of  Duluth,  Minn. 

[Abstract    of    an    address    read    before    the    Detroit    Engineering    Society, 

January   22,    1904.*] 

Before  entering-  upon  the  subject  of  the  raised  beaches,  the 
speaker  discussed  briefly  some  of  the  contested  points  in  early 

geologic  history.  It  was  shown  that,  from  about  1775  onward  for 

thirty  to  forty  years,  the  general  belief  was  that  all  inclined  strata 

found  in  elevated  positions  on  the  flanks  of  mountain  ranges  had 

been  deposited  in  the  exact  place  where  found  by  an  ancient  ocean 

which  had  once  covered  the  highest  land  whereon  these  sedimentary 

deposits  were  located. 

With  the  advance  in  knowledge,  however,  it  was  seen  that  an 

elevated  ocean,  in  continuous  position  at  this  high  level,  would  not 

explain  observed  phenomena  in  the  strata. 
It  was  discovered  that  these  waters  must  have  often  retreated 

some  hundreds  or  thousands  of  feet  from  their  original  elevations, 

and,  after  such  retreat,  must  have  again  advanced  over  the  lands 

approximately  to  their  old  altitude.  It  was  also  learned  that  this 

alternate  advance  and  recession  had  been  many  times  repeated,  and 

this  oscillation  in  the  waters  could  not  at  that  time  be  satisfactorily 

explained. 

Coincident  with  the  appearance  of  these  unexplainable  diffi- 
culties in  the  doctrine  of  Werner,  a  rival  hypothesis  was  proposed. 

Hutton,  in  1795,  advanced  the  theory  that  these  elevated  and  in- 
clined strata  had  originally  been  deposited  in  horizontal  position  and 

had  been  subsequently  lifted  into  their  present  altitudes  by  the 

contraction  of  a  cooling  crust. 

This  doctrine  of  mountain  upheaval,  through  contraction,  has 

always  been  rejected  by  the  geometers.  Button  has  expressed  the 

general  sentiments  of  mathematicians  in  this  regard  in  the  following 

forcible  language : 

"The  hypothesis  (upheaval  by  contraction,  etc.)  is  quantita- 
tively insufficient  and  qualitatively  inapplicable.  It  is  an  explanation 

which  explains  nothing  which  we  want  to  explain." 
Notwithstanding,  however,  that  this  system  has  been  pro- 

nounced "in  direct  opposition  to  the  principles  of  natural  philosophy" 
(Lord  Kelvin),  it  seemed,  to  the  early  geologists,  that  it  better 

^Manuscript  received  February  11,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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sumiounted  the  difficulty  in  explaining  these  retreats  and  returns 
of  an  ocean  than  the  older  theory. 

The  idea  also  seemed  to  explain,  with  great  logic,  those  slight 

repeated  submergences  and  emergences  of  coast  lines,  which  were 
known  to  have  been  in  continual  progress  since  the  time  of  Strabo. 

The  geologists  were  therefore  "compelled,"  they  were  "forced" 
by  these  arguments,  to  adopt  this  doctrine  of  upheaval  as  the  funda- 

mental base  of  their  science. 

It  was  then  shown  that  the  arguments  which  led  to  this  adop- 
tion were  at  that  time  absolutely  inconclusive  and  undemonstrable ; 

that  to-day  they  are  still  less  conclusive,  still  less  demonstrable ;  that 
the  decision  above  noted  was  based  solely  on  what  then  appeared  to 

be  the  balance  of  probability,  and  that  to-day,  in  the  light  of  more 
accurate  knowledge,  this  balance  is  cast  most  distinctly  in  the 

opposite  direction. 
It  was  then  suggested  that  those  interested  in  these  questions 

should  examine  the  history  of  this  dispute  as  contained  in  Sir 

Charles  Lyell's  "^Manual"  and  Sir  A.  Geikie's  "Founders  of 

Geology." 
The  speaker  now  began  treatment  of  his  subject  proper — the 

great  raised  beaches. 

Illustrations  and  maps  of  the  so-called  glacial  lakes,  Warren, 
Iroquois,  Agassiz,  Ohio,  Alaumee,  Saginaw,  St.  Lawrence  and 
Algonquin,  and  of  the  sixteen  Finger  lakes  of  New  York,  etc.,  were 
exhibited.  All  of  these  water  bodies  have  been  delineated  by  various 
geologists  as  having  occupied  the  lowlands  in  the  Northern  United 
States  and  Canada  during  the  last  glacial  epoch. 

The  so-called  Champlain  Submergence  of  Dana  was  described. 
This  inundation  is  supposed  to  have  extended  over  the  entire  east- 

ern coast  of  America  from  Greenland  to  the  Southern  United  States, 

and,  like  the  glacial  lakes,  was  in  existence  during  the  last  ice  age. 

W.  F.  McGee's  map  of  the  "Lafayette  Flooding"  of  the  South- 
ern United  States  was  also  presented.  This  map  shows  that  the 

ocean,  at  some  very  recent  period  of  time,  covered  all  the  lowlands 

of  the  South  and  extended  far  northward  up  the  Mississippi  Valley. 
This  flood  covered  the  greater  portions  of  Florida,  Alabama, 

Louisiana,  Georgia,  Tennessee  and  Texas.  It  extended  to  Southern 
Illinois  at  the  north,  and  on  the  Atlantic  coast  it  reached  as  far  as 

New  Jersey.  In  addition  to  this  great  area,  other  writers  have 
since  shown  that  this  same  submergence  extended  southward  to 
Cuba,  Yucatan  and  the  Antilles. 

The  epoch  of  this  Lafayette  Sea,  owing  to  its  general  remote- 
ness from  the  glacial  border,  has  heretofore  been  more  uncertain 
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as  to  date  than  in  the  case  of  the  above-named  glacial  lakes,  but  it 
is  now  demonstrable,  by  means  of  the  raised;  beaches,  that  Glacial 
Lake  Ohio  and  the  Champlain  Subsidence  of  the  North  were  both 
confluent  ivith  the  Lafayette  Flood.  All  three  bodies  of  water  can 
thus  be  shown  of  identical  age,  and  we  thus  learn  that  all  lowlands 

of  the  North,  both  inland  and  on  the  sea  coast,  for  some  reason  un- 
known and  yet  to  appear,  were  submerged  at  one  and  the  same 

time,  and  that  this  submergence  corresponded,  in  time,  with  a  vast 
accumulation  of  ice  in  this  same  region. 

It  was  then  shown  that  the  date  of  the  glacial  period  has  been 

fixed  by  the  estimates  of  Gilbert,  Wright,  Spencer,  Andrews,  Win- 
chell,  Emerson  and  others  as  within  5000  to  12,000  years  of  the 

present. 
A  general  description  was  then  given  of  the  terraces,  or  beaches, 

which  have  been  largely  utilized  in  mapping  out  the  above-named 
glacial  lakes,  or  seas,  and  narration  made  as  to  the  causes  which 
had  induced  the  speaker  to  undertake  the  systematic  study  of  these 
abandoned  strands. 

In  this  study,  the  Boulevard  Beach,  at  Duluth,  was  first  con- 
sidered. This  terrace  is  supposed  to  have  been  the  coast  line  of 

Lake  Warren,  and  is  from  1075  to  1077  feet  above  the  sea. 
It  was  soon  found  that  this  shore  line  was  not  horizontal.  In 

the  sixty  or  seventy  miles  of  its  course  first  examined  by  the  author, 
it  had  a  pronounced  rising  inclination  to  the  northeast. 

This  northward  tilting  was  determined  by  plotting  to  scale 
all  altitudes,  each  in  its  proper  latitude,  on  a  prepared  diagram. 

It  was  next  learned  that  Warren  Upham,  in  the  Eleventh  Re- 
port, Minn.  Geolog.  Survey,  had  traced  out  a  portion  of  the  southern 

shore  line  of  Lake  Agassiz,  in  Northwestern  Minnesota,  and  that 
in  these  terraces  he  had  also  found  a  rising  inclination  to  the  north, 

amounting,  in  the  case  of  the  higher  beach,  to  about  four-tenths 
of  a  foot  per  mile  (p.  151). 

The  data  contained  in  this  report,  and  elevations  secured  by  a 

personal  visit  to  the  region,  were  then  plotted  upon  the  same  dia- 
gram which  contained  the  Duluth  beaches,  previously  described, 

each  ordinate  in  its  proper  latitude  as  before,  and  we  then  disclosed 

the  interesting  fact  that,  in  equal  latitudes,  Lakes  Warren  and 
Agassis  had  held  precisely  the  same  elevation  above  the  sea,  and, 
furthermore,  their  beaches  had  precisely  the  same  rising  inclination 
to  the  north. 

This  result,  which  was  arrived  at  during  the  early  years  of  the 
investigation,  furnished  the  key  and  supplied  the  motive  for  the 

next  eight  or  ten  years'  continuous  study. 
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Giving  consideration,  then,  to  the  facts  above  mentioned,  we 

see  that  the  surface  of  these  ancient  seas,  in  an  eastern  and  weste'ni 
direction,  fell  into  one  horizontal  line,  and  this  level  line  was  then 

extended,  by  additional  data,  considerabl}-  to  the  east. 
Diligent  search  was  then  undertaken,  with  a  view  of  prolonging 

the  north  and  south  inclination  as  far  in  each  direction  as  possible. 

In  a  short  time  it  was  found  that  the  upper  surface  of  Lake 

Ohio,  which  was  supposed  to  have  been  restrained  by  a  932-foot 

ice  dam  near  Cincinnati  (Claypole),  fell  into  line  as  a  mere  pro- 
longation or  continuation  of  this  same  inclination  determined  as 

above  for  Lakes  Warren  and  Agassiz,  and  this  curve  was  prolonged 

still  farther  to  the  south,  as  follows : 

The  area  of  the  Lafayette  Sea  in  the  Southern  States  had  been 

mapped  principally  from  a  study  of  the  silts,  soils  and  clays  of  the 

submerged  region,  while  the  so-called  glacial  lakes  have  been  de- 
lineated from  limits  fixed  by  the  ancient  beaches.  This  latter 

method  is  clearly  the  proper  one  to  use  in  such  mapping,  as  the  silts 

and  clays  are  generally  deposited  at  some  distance  from  a  coast 

line,  and  in  no  case  can  the}'  be  depended  iipon  to  indicate  the  max- 

imum elevation  in  the  water's  level.  A  visit  was  made,  therefore, 
to  the  region  south  and  west  of  Cincinnati,  which  resulted  in  ex- 

tending the  terraces  and  alluvial  plains  of  Lake  Ohio  well  into  the 

Lafayette  area,  proving  tints  the  confluent  nature  and  equivalent 

age  of  these  waters. 

Eventually,  by  similar  methods,  this  curve  or  line  of  inclina- 
tion was  extended  to  the  northern  coast  of  South  America. 

The  same  process  above  described  was  next  used  in  bringing 

the  beaches  of  England,  Scotland,  Ireland,  Norway,  France  and 

the  ̂ ^lediterranean  coasts  into  order,  the  ordinates  extending  from 

Spitzbergen  on  the  north  to  Tunis  and  the  Red  Sea  on  the  south, 

and  the  result  obtained  from  the  two  continents  thus  treated,  after 

ten  or  twelve  years'  continuous  labor,  was  the  production  of  the 
curves  shown  in  Fig.  i. 

The  speaker  then  urged  the  profound  importance  of  this  dia- 

gram as  regards  the  effect  it  may  have  on  geological  speculation, 

provided  it  represents  the  facts  as  stated. 

For  instance,  these  curves  deny  all  ice  dams.  They  affirm 

that  all  these  so-called  glacial,  fresh-water  lakes  were,  in  fact,  but 

arms  of  a  salt  sea.  They  say  that  all  these  contemporaneous  sub- 

mergences of  the  North  were  but  fragmentary  portions  of  one  con- 
fluent universal  ocean,  which  submerged  the  entire  hemisphere  from 

the  Amazon  to  the  most  northerly  part  of  Greenland. 

Again,  it  is  apparent  that  the  true  and  nearly  concentric  nature 
14 



82 ASSOCIATION  OF  ENGIXEERIXG  SOCIETIES. 

of  these  curves  show  that  since  these  beaches  were  carved  there  has 

been  no  movement  in  the  earth's  crust,  or  deformation  in  tliesc 
curves  would  have  made  such  motion  traceable. 

These  inferences,  and  many  others,  follow  from  even  a  casual 

inspection  of  the  diagram,  and  all  are  directly  contrary  to  the  gen- 
eral teaching  of  geologists. 
Our  next  duty  should  be  to  seek  a  possible  explanation  of  the 

extraordinary  symmetry  in  these  curves,  and  in  this  search  there  is 

but  one  physical  caiwe  that  can  be  considered  adequate  to  the  pur- 

pose. 
This  cause  must  be  looked  for  in  the  assinnption  that  the  north- 

north:pole 

Fig.  I. 

ern  submergence  may  have  been  due  to  the  shifting  of  the  earth's 
center  of  gravity  under  the  effect  of  that  glacial  accumulation  which 
we  know  was  contemporaneous  with  the  submergence. 

The  mathematicians  have  agreed  that  this  cause  may  have  been 
sufficient  to  meet  all  requirements  (authorities  quoted.  Rev.  O. 
Fisher,  Archdeacon  Pratt,  R.  S.  Woodward,  D.  D.  Heath,  Lord 
Kelvin,  etc.). 

It  was  then  pointed  out  that  if  this  system  was  to  be  utilized  in 
explaining  our  curve,  a  present  accumulation  of  ice  at  the  south 
should  be  found,  the  mass  of  wdiich,  added  to  the  change  due  to 

the  disappearance  of  our  recent  northern  glaciers,  would  be  com- 
petent to  our  necessities. 

It  was  then  shown,  under  the  assumption  that  glaciers  of  con- 
tinental magnitude  are  similar  solids,  and  that  their  masses  would 

vary  as  the  cube  of,  say  the  mean  continental  diameters,  and  from  a 
study  of  the  known  facts  as  to  the  Greenland  ice  elevations,  that 
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Greenland  contains  to-day  over  1,000,000  cubic  miles  of  ice;  that 
the  Antarctic  Continent,  which  has  a  diameter  about  three  and 

three-quarter  times  that  of  Greenland,  must  therefore  contain  at  least 
50.000,000  cubic  miles  of  ice  in  excess  of  that  in  the  North,  and 
this  amount  was  found  fully  capable  of  producing  the  required 

change  in  the  earth's  center  of  gravity. 
In  other  words,  the  decay  of  one  cap,  the  building  up  of  an- 

other, combined  with  the  effect  from  the  rearranged  water,  affords 

ample  physical  reason  for  the  great  raised  beaches,  for  the  extra- 
ordinary continuity  and  symmetry  in  their  courses  and  for  the  eleva- 

tion of  1467  feet  which  the  more  recent  terraces  w^ould  reach  when 
prolonged  to  the  pole. 

While  engaged  in  the  above-described  investigation  of  the 
shore  lines  of  the  glacial  lakes,  a  great  mass  of  data  had  been  accu- 

mulated as  to  older  and  higher  terraces  than  those  shown  in  Fig.  i. 
These  ordinates,  when  plotted,  showed  the  same  peculiarity  in 

structure  as  those  previously  mentioned,  except  that  instead  of 
running  into  the  ocean  level  at  the  equator,  they  held,  at  that  point, 
considerable  altitude  above  the  sea. 

They  also  appeared  to  show  a  general  and  progressive  increase 
in  depth  in  these  northern  submergences  as  we  went  backward  in 
time. 

In  seeking  explanation  of  these  unexpected  results,  we  find  as 

follows :  Through  the  precessional  oscillation  of  the  earth's  axis 

in  a  period  of  21,000  years,  and  the  eccentricity  of  the  earth's  orbit, 
winter  occurs  at  present  in  the  North  while  we  are  nearest  the  sun. 
At  the  South  it  occurs  when  farthest  from  the  sun. 

Eleven  thousand  years  ago  these  conditions  were  reversed,  and 
10,000  years  in  the  future  present  conditions  will  be  again  reversed, 
we  having  our  winter  at  these  periods  when  farthest  from  the  sun. 

Now,  Dr.  Croll,  in  ''Climate  and  Time,"  has  advanced  much 
physical,  meteorological  and  astronomical  data,  leading  to  the  con- 

clusion that  such  hemisphere  as  has  its  winter  in  aphelion  must 
necessarily  have  a  lozver  mean  temperature  than  its  opposite,  and  he 
argues  that  these  lower  temperatures,  due  to  cosmical  causes,  may 
have  been  the  occasion  of  glacial  epochs,  and,  if  so,  such  epochs 
would  be  cyclic  in  nature  and  often  recurring. 

This  argument  of  CroU's  has  been  accepted  by  many  scientists ; 
by  others,  however,  it  has  been  deemed  inconclusive. 

Sir  A.  Geikie  admits  the  idea  to  contain  "The  first  fruitful  sug- 
gestion in  this  matter." 

Alexander  Winchell  accepts  Croll's  conclusions,  and  Dr.  Ball, 

with  many  others,  admits  an  "astronomical  cause"  for  ice  ages,  etc. 
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This  hypothesis  of  Dr.  Croll  seemed  so  logical,  it  seemed  to 

have  so  much  scientific  support ;  and  as  the  facts  as  to  the  disappear- 
ance of  a  northern  glacier  10,000  years  ago,  its  presence  in  the 

South  to-day  and  the  established  fact  that  the  Southern  Hemi- 

sphere is  to-day  the  colder  were  all  in  exact  accord  with  the  require- 
ments of  the  theory,  it  was  assumed,  as  most  probable,  that  ex- 

planation of  these  older  terraces  might  be  found  in  a  succession  of 

glacial  epochs  in  the  North,  with  intervals  of  21,000  )ears. 

Fig.  2. 

It  -was  now  recognized  that  if  merit  should  be  found  in  this 

scheme,  great  geological  results  should  follow  these  repeated  inun- 
dations ;  explanation  would  be  found  for  the  Tertiary,  Triassic, 

Silurian  and  other  seas,  which  the  geologists  insist  have  repeatedly 

submerged  the  North,  and,  furthermore,  and  what  was  of  still 

greater  importance,  it  would  allow  us  to  introduce  chronology  into 

geology,  by  separting  these  oceanic  invasions  by  the  cyclic  period 
of  21,000  years. 

In  following  up  this  astronomical  idea  as  to  the  cause  of  Noah's 
and  other  floods,  we  noAv  map  out  the  United  States  as  it  appeared 
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Avhen  some  older  and  more  elevated  submergence  than  that  of  the 

last  glacial  age  covered  the  North.  ^A'e  will  choose  a  polar  depth 
of  2000  feet  instead  of  that  of  1467  shown  in  Fig.  i. 

Fig.  2  represents  the  Eastern  United  States  during  such  north- 
ern inundation.  The  beaches  of  this  period  indicate  a  depth  to  the 

waters  of  845  feet  in  Southern  Florida,  11 50  feet  at  Cape  Hatteras, 
1 3 12  feet  at  Xew  York  City  and  1380  feet  in  Southern  Nova  Scotia. 

The  ice  cap,  the  cause  of  this  submergence,  is  shown  in  dark 
shading  in  the  Northern  regions,  and  has  been  located  from  limits 
fixed  by  American  geologists  for  the  last  glacial  invasion  (7th  An. 
Rep.  U.  S.  G.  Survey,  Plate  8). 

Examination  of  Fig.  2  discloses  the  following  facts :  Nearly 

all  the  Eastern'  and  Southern  States  are  found  buried  under  an 
accumulation  of  ice,  or  covered  by  the  Avaters  of  a  glacial  sea.  The 
Appalachian  ]^Iountains  rise  above  the  waters ;  likewise  an  elevated 
area  in  ̂ Missouri  and  Arkansas  designated  as  Ozark  Island. 

We  learn,  also,  that  the  submerged  areas,  northward  from  the 
equator  to  Long  Island,  aggregate  at  least  three  million  square 

miles  or  more,  and  we  know  that  much  of  this  lowland  to-day  bears 
the  most  prolific  vegetable  growth  in  the  world. 

This  brings  forward  the  question.  What  has  become  of  the 
forest  debris  which  nuist  have  been  prostrated  by  this  advancing 
sea? 

The  geologists  are  unanimous  in  agreeing  that  the  wide  ocean 
has  repeatedly  passed  over  the  lowlands  of  the  North ;  they  are 
positive  that  vast  areas  have  been  so  submerged  as  recently  as 
within  a  few  thousand  years,  but,  in  so  far  as  we  can  learn,  not  one 

of  these  geologists  has  attempted,  or  even  suggested,  that  geologic 

provision  be  made  for  the  vegetation  which  such  seas  w^ould  neces- 
sarily overthrow  in  their  advance. 

Notwithstanding  this  neglect,  however,  guided  as  we  now  are, 
by  a  hypothesis  which  calls  for  the  devastation  of  the  present  forest 

areas  by  oceanic  waters  in  the  near  future,  we  cannot  avoid  con- 
sideration of  the  problem  as  to  what  will  become  of  this  great  mass 

of  vegetation. 
It  is  plain  that  the  debris  of  forests  drifting  in  the  sea  will 

primarily  be  subject  to  the  influence  of  oceanic  currents ;  if  we 
would  follow,  therefore,  this  material  to  its  final  resting  place,  we 
must  attempt  determination  of  some  law,  if  such  exists,  by  which 

we  can  predicate  invariably  the  geographical  position  and  the  direc- 
tion of  flow  of  these  streams  at  any  one  of  the  many  different  eleva- 

tions of  the  sea  level  we  have  been  discussing. 

In  pursuit  of  this  law  we  reason  as  follows :  Under  our  hypoth- 
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esis,  a  vast  accumulation  of  water  now  submerges  the  South. 

These  waters  will  soon  be  compelled  to  begin  their  journey  to  the 
North.  Let  us  assume  that  this  transfer  has  commenced,  and  let 

us  attempt  to  discover  the  route  or  path  these  waters  must  adopt. 

The  earth's  surface  at  the  equator  has  a  motion  to  the  cast, 
due  to  the  daily  rotation  of,  say  1040  miles  per  hour ;  in  latitude  70 

degrees  South  the  velocity  is  but  350  miles  per  hour. 

Let  us  now  take  a  unit  of  this  northward-moving  water  at 
latitude  70  degrees  in  the  South  Atlantic,  where  the  eastward  motion 

of  the  earth's  surface  is  350  miles  per  hour,  and  move  it  instan- 
taneously to  the  equator,  where  the  surface  has  a  velocity  of  1040 

miles  per  hour. 

We  then  observe  that  this  unit  immediately  starts  an  apparent 

movement  toward  the  coast  of  South  America  at  the  rate  of  nearly 

700  miles  per  hour. 

This  transfer  of  water  will  certainly  require  a  period  of  months, 

instead  of  being  instantaneous,  as  supposed  herein ;  but  the  fact  re- 
mains that  if  water  is  passing  northward  from  the  given  position 

in  the  South  Atlantic,  it  can  never  reach  the  equator  until  it  has 

undergone  an  acceleration  in  its  eastward  motion  of  700  miles  per 
hour. 

This  acceleration  may  be  obtained  by  any  one  of  three  methods. 

The  waters  may,  in  their  northward  journey,  press  against  other 

currents  of  water ;  they  may  be  crowded  to  the  east  by  the  irregu- 

larities of  the  ocean  bottom,  but  their  final  acceleration  must  cer- 
tainly be  acquired  from  their  impingement  on  the  entire  eastern 

shore  line  of  South  America,  from  which  there  results  the  necessity 

of  assuming  that  the  waters  adjacent  to  this  coast  will  be  heaped 

or  piled  up  far  above  the  normal  level  of  the  sea. 

This  heaping  of  the  waters  on  these  shores,  combined  with  the 

fact  that  the  easterly  apex  of  the  continent  is  considerably  south 

of  the  equator,  compels  the  diversion  of  the  northward-moving  cur- 

rent into  the  bight  of  the  Gulf  of  Mexico,  where  these  waters  re- 

ceive the  final  acceleration  due  to  the  earth's  rotation. 
We  see,  also,  that  in  this  gulf  the  surface  of  the  ocean  must 

necessarily  be  far  above  the  normal  sea  level,  and,  consequently,  the 

escape  of  these  waters  through  the  straits  of  Florida  at  a  rate  of 

four  miles  per  hour  needs  no  further  explanation.  This  velocity 

of  flow  is  due  to  the  hydraulic  head  in  the  Gulf  of  Mexico,  and  the 

convexity  of  surface  in  the  escaping  current  is  a  physical  necessity 
from  the  attendant  circumstances. 

Waters  flowing  from  the  gulf  and  still  moving  northward  are 
now  alwavs  traveling  faster  to  the  east  than  the  surface  of  the 
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earth  over  which  they  are  moving.  They  are,  consequently,  com- 
pelled to  a  direction  of  northeast,  and,  having  left  the  Florida  sfiores 

with  a  velocity  of  about  1000  miles  per  hour,  they  must  suffer  re- 
tardation of  something  like  600  miles  per  hour  before  reaching  the 

coast  of  Scandinavia,  where  the  final  retardation  must  be  accom- 
plished by  the  crowding  of  these  waters  against  the  coast  lines  of 

Xorway  and  the  British  Islands.  Here,  also,  the  sea  level  must 
necessarily  be  deformed  and  raised  far  above  the  normal. 

It  follows,  from  this  discussion,  that  if  water  is  passing  north- 
ward in  the  Atlantic,  it  can  by  no  possibility  follow  any  other  route 

than  that  of  the  present  Gulf  Stream.  It  follows,  also,  that  with 
any  change  in  shore  lines,  due  to  the  elevated  seas  we  have  under 
consideration,  the  paths  and  positions  of  the  ocean  currents  of  the 
period,  with  their  direction  of  flow,  can  still  be  determined  through 
application  of  the  same  analysis. 

In  confirmation  of  this  idea  of  deformation  of  sea  level  by 

ocean  currents  (see  discussion  by  William  Ferrel,  Science,  Vol. 

\'II.  p.  75).  reference  was  made  to  \'ol.  XXII,  Encyc.  Brit.,  p.  608, where  the  Xorth  Sea  and  Atlantic  are  shown  to  be  from  two  to  five 

feet  higher  than  the  Mediterranean,  and  to  the  United  States  Coast 

Survey  Report  for  1899,  where  many  lines  of  level  are  unanimous 
in  showing  the  same  condition  between  the  Gulf  of  Mexico  and  the 
Atlantic,  the  gulf  being  the  higher,  by  various  results,  up  to  over 
one  meter. 

In  the  first  case,  this  artificial  elevation  in  the  North  Sea  was 

held  to  be  "difficult  to  explain  on  mechanical  principles."  In  the 
.case  of  the  Coast  Survey,  the  result  from  leveling  was  deemed  so 
improbable  that  the  level  net  adjustment  for  the  United  States  has 
been  fixed  under  the  assumption  that  the  waters  of  the  Atlantic,  the 
Chesapeake  and  the  Gulf  of  Mexico  are  at  one  elevation. 

All  these  decisions  are  clearly  erroneous ;  they  are  in  opposition 
to  known  fact ;  they  are  in  opposition  to  hydraulic  principles ;  and 
in  future  discussion  of  these  questions  consideration  must  be  given 

by  engineers  to  Ferrel's  law  in  these  matters. 
From  the  results  of  our  study  of  ocean  currents,  we  now  place 

on  Fig.  2  certain  arrows,  which  represent  the  position  of  the  Gulf 
Stream  at  this  epoch  of  northern  submergence,  and  its  approximate 
direction  of  flow,  as  determined  by  our  argument. 

We  next  examine,  with  a  view  of  learning  where  currents  flow- 
ing in  the  directions  indicated  would  transport  the  debris  from  our 

overthrown  forests,  and  make  search  for  bays,  estuaries,  lagoons  or 
catch  basins,  wherein  drift  material  such  as  described  might  become 
kidgcd  or  embayed  in  permanent  position. 
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At  the  first  glance  it  is  seen  that  the  boundaries  of  this  inunda- 
tion, as  shown  in  Fig.  2,  reproduce  almost  precisely  the  boundaries 

of  the  carboniferous  area  in  the  United  States. 

The  speaker  then  exhibited  the  maps  of  coal  areas  as  contained 

in  the  American  Supplement  to  the  Encyc.  Brit.  (Henry  G.  Allen 

Co.),  and,  under  the  assumption  that  a  strong  current  was  pouring 

through  the  channel  in  Central  Pennsylvania,  between  the  north 

end  of  Appalachian  Island  and  the  ice  cap,  by  reason  of  the  elevated 

surface  of  the  interior  waters,  demonstrated  that  the  coal  areas  in 

the  States  of  Pennsylvania,  Ohio,  West  Virginia,  Kentucky,  Ten- 
nessee, Alabama,  Illinois,  Iowa,  Nebraska,  Missouri,  Arkansas, 

Kansas,  Texas  and  Nova  Scotia  were,  in  each  particular  case,  found 

in  the  precise  situation  where  the  indicated  currents  of  this  oceanic 

invasion  would  have  accumulated  the  vegetable  material  due  to  such 
Hooding. 

We  have  thus  traced  our  forest  debris  to  its  final  resting  place. 

The  great  coal  deposit  in  Southern  Wales,  owing  to  the  en- 
larged scale  of  the  ordnance  maps  of  England,  was  shown  as  being 

subject  to  the  same  law  of  drift  accumulation  with  still  greater 
accuracy. 

The  Gulf  Stream  approached  submerged  England  from  a  di- 
rection south  of  west.  It  is  clear,  therefore,  that  explanation  for 

this  deposit  must  be  sought  in  some  barrier  exceeding  1300  feet  in 

altitude,  extending  along  the  northern  and  particularly  on  the  east- 
ern side  of  the  field,  where  the  coal  should  certainly  cease  where  the 

barrier  ceases. 

One-inch  Ordnance  Sheets,  Nos.  231,  232  and  250,  show  a. 
mountain  chain  in  Southern  Wales  extending  in  an  east  and  west 

direction  and  reaching  an  altitude  of  over  2000  feet. 

At  the  eastern  end  of  this  chain  a  range,  or,  rather,  a  series  of 

hills,  having  elevations  of  1834,  1814,  1557  and  1374  feet,  projects 

directly  south.  This  range,  which  would  appear  as  many  small 

islands  at  a  time  of  high-sea  level,  terminates  about  one  mile  north 
of  the  town  of  Risca. 

From  the  1374- foot  barrier  near  this  village  the  descent  is 
abrupt  to  a  level  of  about  700  feet. 

This  chain  of  islands  is  the  most  easterly  obstruction  to  high- 
level  currents  in  Southern  Wales,  and  the  combination  of  mountain 

range  on  the  north  with  these  islands  at  the  ea.st  makes  a  most 

perfect  arrangement,  or  catch  basin,  for  the  interception  of  floating 

vegetation.  It  is  clear,  also,  that  such  interception  must  have  ceased 

one  mile  north  of  Risca,  where  the  elevated  range  reaches  an  end. 

It  was  then  shown  bv  Woodward  and  Goodchild's  sfeological 
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map  of  England  and  ̂ ^'ales  that  the  coal  of  Wales  is  located  within 
the  basin  above  described,  and  that  its  extension  southward  termi- 

nates precisely  where  our  barrier  terminates — one  mile  north  of 
Risca. 

In  a  similar  manner  the  outcrops  of  the  coal  areas  of  Belgium 

and  Germany  were  shown  to  be  located  invariably  on  the  elevated 

coast  lines  of  a  northern  submergence. 

Having  thus  shown  the  principal  coal  deposits  of  the  world  to 

have  been  located  one  hundred  times  in  succession  along  the  sea 

beaches  of  a  submerged  north,  the  speaker  asked,  or,  rather,  de- 
manded the  privilege  of  using  the  bounding  limits  of  these  areas, 

in  themselves,  as  original  beaches. 

If  this  is  allowed,  these  coal  areas  will  then  supply  one  hundred 

such  diagrams  as  Fig.  i,  and  will  confirm,  to  an  enormous  extent, 

the  accuracy  with  which  these  curves  had  been  derived  from  the 
raised  beaches. 

Reference  was  made  to  the  fact  that  the  drift  origin  of  coal  to 

this  time  has  been  generally  rejected.  This  rejection  has  been  based 

on  the  following  reasons : 

First.     Xo  drift  theory  could  supply  sufficiency  of  material. 

Second.  Perfect  ferns  "always  on  the  top  of  the  seam"  were 

considered  as  "incompatible"  with  driftage. 
Third.  Stumps  and  roots  in  the  soils  beneath  coal  beds  have 

been  considered  as  "demonstrative  evidence"  that  the  vegetation 
grew  where  the  coal  is  found. 

It  was  then  shown  that  these  conclusions  are  founded  on  most 

imperfect  consideration  of  the  questions  involved.     For  instance: 

First.  The  submergence  of  continents,  so  universally  recog- 
nized, will  undoubtedly  supply  sufficiency  of  vegetation. 

Second.  The  floating  rafts  of  the  vSouth,  some  of  which  have 

exceeded  100  miles  in  length,  are  invariably  covered  with  a  dense 

growth  of  ferns.  When  these  rafts  sink,  it  is  certain  that  these 

ferns  will  descend  to  the  bottom,  eacJi  in  perfect  condition,  and  that 

they  will  always  be  found  on  "the  top  of  the  seam." 
Third.  Floating  vegetation  borne  on  a  rising  sea  will  be  con- 

tinually advancing  over  a  region  of  overthrown  and  devastated 
forests.  When  this  material  sinks,  it  is  almost  certain,  therefore,  to 

find  lodgment  on  a  "fossil  soil  filled  with  stumps  and  roots  in  posi- 

tion exactly  as  they  grew." 
Attention  was  now  called  to  the  effect  the  new  facts  brought 

out  in  this  discussion  must  have  on  geological  speculation  of  the 

future.    For  example : 

Equall}'  with  the  great  raised  beaches,  the  coal  beds  of  the 
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world  reject  the  doctrine  of  the  upheaval  of  mountains ;  these  items 

supply  that  geological  evidence  which  has  heretofore  heen  lacking  in 
confirmation  of  mathematical  conclusion  in  this  regard. 

Again,  the  lOO  coal  beds,  if  we  make  allowance  for  the  barren 
measures  when  the  Avaters  were  too  deep  for  the  barriers,  could  all 

have  been  laid  down  in  3,000,000  years,  or  say  during  140  sub- 
mergences. 

If  we  now  assume  the  carboniferous  rocks  to  represent  one- 
third  of  the  geological  column,  this  would  allow  all  rock  strata  that 

have  been  derived  from  water  to  have  been  deposited  in  9,000,000 

years.  Here  geologic  data  again  support  the  results  from  mathe- 
matical analysis ;  Tait  and  New  comb  having  each  determined  that 

water  could  not  have  existed  on  the  globe  for  a  longer  period  than 

10,000,000  years. 

It  was  then  stated  that  the  apparent  slight  oscillations  in  coast 

lines  during  the  historic  period,  which  have  heretofore  been  con- 
sidered as  confirmatory  of  the  doctrine  of  continual  movement  in 

the  earth's  crust,  could  now  be  demonstrated  as  being  due  to  move- 
ment in  the  sea;  that  these  motions  were  periodic  in  their  nature ; 

that  the  length  of  this  period  had  been  determined  approximately, 

and  that  the  direction  of  this  movement,  upward  or  downward,  for 

any  given  century  in  the  past,  could  now  be  learned  through  mere 

inspection  of  a  sinuous  curve  which  had  been  derived  from  these 

oscillations.  (See  article,  "Oscillations  in  the  Sea  Level,"  in  the 
Geological  Magazine,  London,  April,  May  and  June,  1901.) 

The  speaker  closed  by  urging,  with  much  emphasis,  the  neces- 
sity of  entering  upon  that  revision  in  geological  speculation  which 

the  raised  beaches  seem  to  require  and  which  the  geometers  have 

long  demanded. 

Modern  geology  is  now,  and  always  has  been,  in  an  attitude 

of  direct  hostility  to  mathematical  and  physical  reasoning.  The 

absolute  lazv  which  prevails  in  the  World  of  Coal ;  the  certainty  with 

which  the  universally  distributed  terraces  deny  upheaval — these 
facts,  which  are  incontestable  in  themselves,  offer  a  means  of  escape 

from  the  present  situation,  and,  sooner  or  later,  we  shall  be  com- 
pelled to  avail  ourselves  of  this  opportunity. 

The  whole  weight  of  the  argument  from  the  coal  beds,  and 

from  these  traces  of  Werner's  elevated  and  universal  ocean,  is  in 
favor  of  our  abandonment  of  the  old  doctrine  of  upheaval  and  of 

the  reconstruction  of  geological  science  on  the  basis  of  a  rigid  and 
inflexible  crust. 

It  is  in  this  manner  only  that  geologic  fact,  geologic  theory  and 
mathematical  conclusion  can  be  brought  into  harmonious  accord. 
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OBITUARY. 

Williain  C.  Ogden. 

Member  of  the  Bostox  Society  of  Civil  Engineers. 

^^'ILLIAM  C.  Ogdex  passed  away  at  his  home  in  Dover,  N.  H., 
October  12,  1903,  after  a  long  and  severe  iHness  of  typhoid  fever. 

He  is  survived  by  a  widow,  father  and  mother  and  two  brothers, 

having  lost  his  only  child  about  two  years  previous  to  his  death. 

^Mr.  Ogden  was  born  February  4,  1866,  at  Troy  Hills,  N.  J. ; 

was  educated  at  the  public  schools  of  that  place  and  at  Rutgers 

College. 

His  first  engineering  work  was  on  topographical  surveys  in 

Xew  York  State  and  in  ]^Iichigan,  in  which  latter  State  he  made 

a  survey  of  a  portion  of  the  ̂ Military  Road  Lands. 

In  1893  he  was  appointed  Assistant  Superintendent  of  Con- 
struction of  the  Fortifications  at  Portland  Head,  Me.  In  1894 

he  was  Assistant  Engineer  in  the  construction  of  a  reservoir  at 

Yonkers,  X.  Y..  and  on  the  construction  of  the  Poughkeepsie  Elec- 
tric Railway. 

During  1895  and  1896  he  was  associated  with  the  late  W.  E. 

Worthen,  Civil  Engineer,  of  New  York,  and  from  that  time  until 

his  death  he  was  located  at  Dover.  N.  H.,  where,  by  perseverance, 

he  had  succeeded  in  building  up  a  prosperous  business. 

At  the  time  of  his  death  he  held  the  office  of  City  Engineer 

of  Dover ;  was  the  Civil  Engineer  for  the  Commission  appointed 

by  the  Governor  of  New  Hampshire  to  lay  out  and  construct  a 

boulevard  along  the  entire  coast  of  New  Hampshire,  besides  doing 

nearly  all  of  the  engineering  and  surveying  required  in  the  section 

of  the  State  in  which  he  was  located,  and  his  reputation  extended 

over  to  the  State  of  Maine,  where,  at  the  time  of  his  death,  he  was 

employed  as  Engineer  on  a  water-supply  system. 
Mr.  Ogden  was  a  man  of  convictions,  and  dared  to  follow 

them  in  the  walks  of  everyday  life.  It  was  not  his  way  to  ask  if 

a  measure  was  popular;  it  was  enough  for  him  to  know  that  it 

was  right,  and  for  this  reason  the  advocates  of  temperance  and 

any  worthy  reform  found  in  him  one  of  their  staunchest  supporters. 

His  was  a  pure,  manly.  Christian  character,  and  he  could  be 

depended  upon,  wherever  his  word  or  deed  was  needed,  for  the 

right  and  true. 

He  was  a  member  of  the  Washington  Street  Freewill  Baptist 

Church  of  Dover,  N.  H.,  and  for  two  years  was  Superintendent 
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of  its  Sabbath  school.     He  also  served  for  several  years  as  Presi- 

dent of  the  Young  Men's  Christian  Association  of  the  same  city. 
In  closing  our  brief  tribute  to  our  comrade  and  friend,  we  can 

do  no  better  than  to  quote  the  words  of  one  who  had  the  privilege 

of  knowing  and  respecting  him,  as  follows :  "During  the  last  three 
years  it  has  been  my  good  fortune  to  have  Mr.  Ogden  connected 

with  me  as  a  Civil  Engineer  on  much  of  my  work,  and  by  intimate 

association  with  him  I  learned  not  only  to  respect  and  admire  him 

as  an  Engineer  but  to  love  him  as  a  man.  It  is  rare  to  find  one 

who  combined  his  rare  professional  talents,  his  good  judgment, 

his  unbounded  energy  and  perseverance,  his  fertility  of  resource, 

accuracy  of  workmanship  and  his  never-failing  modesty,  courtesy 
and  patience  with  his  noble  character  as  a  man.  To  know  him 

was  a  privilege;  to  have  him  for  a  friend,  an  inspiration,  and  to 

lose  him,  a  deep  and  lasting  grief,  and  his  friends  and  business 

acquaintances  and  the  whole  community  will  mourn  their  loss  in 

his  untimely  death." S.  Foster  Jaques, 

A.  W.  Dean, 

Committee. 

Frank  Prescott  Jolmson. 

Member  of  the  Boston  Society  of  Civil  Engineers. 

Frank  Prescott  Johnson  was  born  in  Burlington,  Iowa, 

April  I,  1859.  When  four  years  of  age  his  parents  moved  to 

Washington,  D.  C,  and,  after  a  residence  of  six  years  in  that  city, 

came  to  Waltham,  Mass.,  where  he  resided  for  the  greater  part  of 

his  life.  He  graduated  from  the  Waltham  High  School  in  1878 

and  from  the  Massachusetts  State  Agricultural  College  in  1882. 

His  early  experience  in  engineering  was  in  connection  with 

the  laying  out  of  the  Central  Massachusetts  Railroad,  sewer  con- 
struction in  Boston  and  waterworks  construction  in  Newport, 

R.  I.  Later,  he  succeeded  to  an  engineering  business  in  Waltham, 

served  as  Inspector  for  the  Waltham  Board  of  Health,  and  in 

March,  1893,  was  elected  City  Engineer.  In  the  following  year 

he  was  also  made  Superintendent  of  Sewers.  In  the  summer  of 

1896  Mr.  Johnson  became  engaged  in  the  contracting  business, 

and  was  ultimately  permanently  located  in  Bramford,  Conn.,  where 

he  developed  a  quarry  for  the  manufacture  of  crushed  rock  and 

established  a  corporation  known  as  the  Tide  Water  Trap  Rock 

Company,  of  which  he  was  manager  at  the  time  of  his  death. 
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While  riding  a  bicycle,  on  the  evening  of  November  ist,  the 
chain  became  misplaced  and  he  suffered  a  fall  which  produced  an 
internal  hemorrhage  and  caused  his  death  November  2,  1903. 

^Ir.  Johnson  became  City  Engineer  and  Superintendent  of 

Sewers  of  \\'altham  at  a  time  when  the  growth  of  the  city  and 
popular  demand  required  an  economical  and  businesslike  adminis- 

tration of  two  growing  departments.  He  introduced  new  methods 
and  obtained  creditable  results. 

As  an  Engineer,  !Mr.  Johnson  was  an  advanced  thinker.  It 

was  characteristic  of  him  to  be  looking  ahead  to  see  what  im- 
provements could  be  inaugurated,  and,  in  work  which  he  had 

charge  of,  he  could  be  relied  upon  to  adopt  new  methods  wherever 
they  could  be  used  to  advantage.  He  was  not  satisfied  to  follow  in 

well-beaten  paths  simply  for  the  reason  that  they  involved  fewer 
obstacles.  He  was  active  and  enterprising  and  possessed  that 
indomitable  perseverance  necessary  to  put  his  ideas  into  effect. 

Bertram  Brewer, 

Joseph   R.  Worcester, 
Committee. 
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THE  RECOXSTRUCTIOX    OF  FOUN^DATIONS    FOR  THE, 
HOTEI^  WOEEATOX,  BROOKEINE,  MASS. 

By  Daxa  ;M.  Pratt.  Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  before  the  Society,  Februar}^  4,  1903.*] 

Some  five  or  six  years  ago.  the  Hotel  Wollaton,  at  1070  Beacon 

Street,  Brookline.  Mass..  was  condemned  as  unsafe  for  occupancy, 
on  account  of  the  continued  settlement  of  its  foundations. 

This  settlement  began  during  the  erection  of  the  building,  and 

continued  year  after  year,  with  the  result  that  the  walls  were  thrown 

out  of  plumb  and  the  floors  out  of  level,  and  large  cracks  appeared 

in  all  parts  of  the  building.  For  some  time  it  remained  empty  and 

fenced  off  from  the  street,  to  protect  the  public  from  falling  walls, 

if  such  collapse  should  occur. 

The  hotel  has  six  stories,  with  twelve  suites,  and  is  approxi- 
mately 80  feet  sc[uare.  The  walls  are  of  brick  above,  and  of  heavy 

stone  below,  ground,  the  whole  resting  upon  ordinary  pile  founda- 

tions. The  location  is  on  lowland,  which  might  be  called  a  "pot-hole." 
This  lot  had  been  filled,  over  a  portion  of  the  site,  up  to  the  level 

of  the  street  or  to  about  grade  —  21.  This  was  the  state  of  affairs 
when  the  hotel  became  the  property  of  Newhall  Brothers,  of  Boston. 

The  owners  engaged  French  &  Bryant,  of  Brookline,  to  devise  some 

method  of  strengthening  the  foundations,  so  as  to  make  the  building 

once  more  habitable.  The  plans  furnished  the  engineers  were  blue- 
prints of  the  roof  and  the  several  floors  and  the  framing  plans ;  also 

records  of  the  soundings.  Before  commencing  on  the  descriptions 

of  repairs,  it  may  be  well  to  go  back  to  the  time  when  the  first 
foundations  were  built. 

■"■  Manu-cript  received  February  26,  1904. — Secretary,  Ass'n  of  Eng.  Sees. 
16 
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The  original  piling"  plan  showed  about  looo  piles,  or  treble  the 
number  used  in  the  new  foundations. 

Rumor  has  it  that  while  the  lower  walls  were  going  up,  settle- 
ments were  noticed  by  the  masons.  Walls  and  floors,  which  were 

left  plumb  and  level,  were  found  to  be  out  of  position  a  few  days 

after  they  were  laid ;  and,  as  each  successive  story  was  reached,  the 

floors  were  made  level.  This  remed}^  was  only  temporary,  and  of  its 
effects  I  will  speak  later.  By  the  time  the  building  was  done,  or^ 
soon  after,  it  was  feared  the  foundations  were  too  weak,  and  some 

one  tried  to  fix  them  by  additional  outside  piles  and  steel  beams, 

but  as  far  as  any  material  benefit  to  the  foundations  went  this  opera- 

tion might  have  been  omitted.  Owing  to  changes  in  the  original 

building  plans,  after  some  of  the  foundations  were  built,  a  great 

many  piles  were  driven  which  were  not  loaded;  these  were  uncov- 
ered, holes  were  cut  in  the  walls,  and  through  the  latter  were  placed 

I  beams,  which  rested  on  these  idle  piles.  The  beams  were  pinned 

•off  at  the  walls  and  became  a  part  of  the  support.  These  beams 
were  mostly  15  and  20  inches  deep,  and,  in  our  work  later  on,  we 

found  some  to  be  from  20  to  25  feet  long,  supporting  the  wall  en- 
tirely. This  made  a  very  long  span  for  such  a  concentrated  load, 

causing  a  deflection  in  the  beams  of  nearly  a  foot. 

At  the  rear  wall  of  the  building,  wdiere  the  settlement  was  the 

greatest,  the  piles  were  capped  by  a  platform  of  three  layers  of  6  x  6 

inches  hard-pine  timbers,  reinforced  b}'  a  layer  of  concrete,  the  walls 
resting  directly  upon  this  structure.  All  these  repairs  proved  futile 

and  the  building  still  settled  very  slowly. 

The  foregoing  sketch  gives  an  idea  of  the  conditions  prevailing 
at  the  time  we  took  hold  of  the  work. 

The  first  thing  to  be  done  was  to  examine  the  borings,  seven 

in  all,  taken  by  the  B.  F.  Smith  Company. 

There  were  seven  soundings,  a  fair  average  being  shown  in 

Fig.  I. 

These  tests  were  not  considered  sufficient,  and  two  120- foot 
holes  were  made  by  the  Brookline  Waterworks  to  approximately 

grade  —  100,  the  main  purpose  being  to  determine  if  suitable  hard 
material  was  near  enough  the  surface  to  make  the  use  of  iron  piles 

economical.  These  tests  showed  that  from  grade  —  30  to  grade  — 

100  the  material  w^as  sharp  black  sand,  mixed  at  intervals  with  a 
little  clay  and  gravel,  until  at  the  extreme  depth  it  was  so  compact 

as  to  be  almost  impossible  to  drill. 

This  showed  that  iron  piles  would  not  be  appropriate,  and  that 

the  stratum  of  gravel  at  about  grade  —  25  to  grade  —  30  was  the 
firmest  for  supporting  the  piles.     (See  Fig.  i.) 
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Surface.     Grade  22. 

Filling. 

—  Cellar.     Grade  13. 

Tops  of  Piles.     Grade  9.3J 
Sawed  off.     Grade  8.33. 

Fine  Soft  Sand  and  Water. 

Grade  o. 

Grade  —  4.5. 

Peat. 

Grade  — 

I7-S. 

Fine  Sand. 

Grade  — 

25.5- 

Hard  Gb AVEL 

Grade  — 

28.S. 

E. 

Hard  Cl AY. I. 

Fig.  I.     Average  Sounding. 

E  =  Desired  position  of  points  of  exterior  piles. 

F  =         "  "         ■'         "        "    interior       '' 
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The  following"  schemes  were  considered  in  the  preliminary 
studies : 

1.  Loading  the  building  and  moving  easterly  40  feet  where 
the  soil  was  firmer. 

2.  Open-caisson  method  with  some  wood  and  some  iron  piles, 
the  caissons  proposed  being  4  feet  in  diameter.  This  method  would 

have  cost  at  least  $16,000. 

3.  Moving  the  building  westward  about  90  feet  on  to  a 

temporar}^  pile  support,  and  while  it  was  in  this  position  lay  new 
foundations,  after  which  the  building  was  to  be  moved  back  upon 

them.  This  estimate  footed  up  to  $22,000.  This  method  was  aban- 
doned largely  on  account  of  the  walls,  which  were  so  cracked  that 

it  was  feared  they  would  not  be  able  to  stand  the  journey.  These 

estimates  gave  from  $15,000  to  $22,000,  and,  moreover,  moving  the 

building  was  considered  a  doubtful  experiment. 

4.  The  method  finally  adopted  was  to  repair  the  foundations 

and  level  the  building,  but  not  moving  it  laterally.  While  the  fore- 
going studies  were  under  way  a  good  many  measurements  Avere 

made.  Levels  were  taken  over  the  whole  lot  and  plotted  on  a  one- 

quarter  scale  plan.  The  building  was  closely  measured  on  the  out- 
side and  accurately  plotted.  The  inside  arrangements  were  taken 

from  the  building  plans  and  verified  by  observation.  Levels  w^ere 
taken  on  the  first,  second,  fourth  and  sixth  floors  in  corresponding 

positions  and  the  settlements  compared  by  floors.  The  settlements 

shown  by  the  different  floors  agreed  generally  within  a  fraction  of 

an  inch,  a  portion  of  any  discrepancy,  no  doubt,  being  due  to  doing 

the  leveling  on  a  floor  and  the  remainder  due  to  the  manner  in  which 

the  floors  Avere  laid.  The  easterly  front  corner  was  in  comparatively 

firm  ground  and  was  assumed  to  have  retained  its  original  level. 

Whether  this  was  so  or  not  is  of  no  moment,  for  we  aimed  to  bring 

all  other  portions  of  the  building  to  this  highest  level.  The  greatest 

settlement  on  any  portion  of  the  floor  was  0.92  feet,  or  11  inches. 

Its  location  was  on  the  west  side,  about  three-fourths  the  distance 
to  the  rear.  From  these  levels  the  settlements  were  contoured  every 

0.05  feet  difl:erence  in  elevation. 

In  order  to  detect  any  settlements  which  might  occur  during 

the  work,  especially  while  pile  driving,  small  nails  were  driven  at 

various  points,  both  inside  and  outside  the  building.  There  were 

sixty-four  in  all ;  twenty-five  being  outside  and  thirty-nine  inside. 
These  were  placed  at  salient  points,  such  as  angles  in  the  walls,  piers, 

elevator  wells,  etc.  Before  any  work  was  commenced  levels  were 
taken  on  the  telltales  to  the  nearest  o.ooi  of  a  foot  and  the  date 

noted.     Durinsf  the  work  levels  were  taken  on  these  telltales   at 
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frequent  intervals,  sometimes  daily,  especially  during  pile  driving; 
the  progress  of  the  work  being  noted  each  time.  These  elevations 
were  tabulated  and  constantly  examined.  In  addition  to  these,  some 
of  the  cracks  in  the  walls  were  plastered  with  mortar.  This  latter 
method,  although  showing  occasional  settlement,  was  unreliable. 
By  the  table  we  could  determine  at  all  times  the  state  of  the  walls 
and  the  chances  of  a  collapse. 

Measurements  of  all  piers  were  necessary  for  the  proper  placing 
of  piles,  and  also  a  plan  of  all  iron  beams  in  the  first  floor.  These 
beams  were  placed  every  4  or  5  feet  through  the  whole  flioorj  and 
the  inside  piles  had  to  be  located  very  carefully. 

Location  of  Building. — Four  offset  lines  were  run  parallel  to 
the  four  sides  of  the  building,  at  as  short  a  distance  away  as  practi- 

cable, and  the  ends  thoroughly  tied  in.  At  various  points,  on  the 
first  and  sixth  floors,  offsets  were  taken.  The  front  side  was  found 

to  be  0.15  to  0.20  feet  out  of  plumb  and  leaning  toward  the  rear. 
The  back  walls  on  the  easterly  portion  leaned  0.19  feet  toward  the 
street,  and  on  the  westerly  end  leaned  0.46  feet  away  from  it.  The 
east  wall  leaned  west  0.66  feet  and  the  west  wall  leaned  west  0.70 
feet.  The  weight  of  the  building,  with  live  and  dead  loads,  was 
calculated  as  4000  tons,  and,  by  means  of  the  framing  plans,  we 
were  able  to  determine  its  proper  point  of  application  to  the  walls. 

This  weight  was  taken  in  sections,  about  forty  in  all,  and  the  neces- 
sary piles  computed  for  each  section. 

The  general  plan  of  the  new  foundations  is  shown  in  Fig.  2. 

Spruce  piles  were  driven  outside  the  building  and  hard-pine  piles 
in  sections  inside ;  the  tops  were  concreted  around  and  capped  with 
granite.  Upon  the  granite  caps  were  I  beams,  placed  directly  above 
the  rows  of  piles ;  upon  these  I  beams  were  cross  I  beams  running 
from  inside  to  outside  of  walls,  and  upon  these  last  were  a  double 
row  of  beams,  which  carried  the  walls  directly.  All  of  these  beams 
were  covered  with  concrete.     This  is  shown  in  detail  in  Fig.  3. 

The  work  of  rebuilding  was  divided  into  three  parts,  as  fol- 
lows : 

1.  The  excavation,  grading,  sawing  off  piles,  pumping  and 
backfilling  was  let  by  contract  to  J.  H.  Sullivan.  Bids  for  this  work 
ranged  from  $3000  to  $5200. 

2.  This  contract  included  tying  walls,  loading  and  leveling 
building,  driving  piles,  removing  masonry  and  handling  iron  work 
and  boiler.    This  contract  was  let  to  Isaac  Blair  &  Co.,  of  Boston. 

3.  The  owners  thought  best  to  do  all  rebuilding  of  masonry, 

cutting  holes  for  beams,  setting  stone  caps  for  piles,  beams,  car- 
penter work,  etc.,  themselves,  and  this  was  done  by  various  laborers, 
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under  the  direction  of  a  foreman  accustomed  to  the  construction 

of  large  buildings. 
Work  was  commenced  about  October  20,  1899,  both  contracts 

being  carried  along  together.  The  first  work  was  to  tie  the  walls  of 

the  building  together  on  the  second  and  fourth  floors.  For  this  pur- 
pose heavy  iron  rods,  with  turnbuckles,  were  used. 

The  first  piles  were  driven  October  23d.  All  piles  were  num- 
bered and  the  penetrations  recorded.     It  may  be  well  to  give  a  few 

Secf/on 

£L£MT/Orjy,fjo  SECT/ ON 

or 
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Fig.  3.     Elevation  and  Section. 

Scale,  I  inch  =  4  feet. 

words  of  explanation  about  them.  I  have  previously  mentioned  how 
few  there  were  compared  with  the  original  number.  The  ordinary 
loads  given  to  the  piles  supporting  buildings  in  Boston  are  8  to  10 
tons,  while  some  of  our  piles  were  figured  as  having  to  carry  nearly 

50  tons.  This  loading  was  so  excessive,  that  we  searched  pile- 
driving  records  to  find  a  precedent.  In  Trans.  A.  S.  C.  E.,  vol.  2, 
p.  155,  was  an  article  on  pile  tests  made  in  Buffalo. 

The  conclusion  drawn  from  these  tests  among  others  was  that 

1000  pounds  per  square  foot  in  clay,  sand  and  gravel  was  con- 
servative for  downward  skin  friction  for  a  static  load.  The  proper 

lengths  of  inside  piles  were  worked  out  as  follows : 
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The  portion  of  the  load  to  be  borne  wholly  by  the  inside 
piles  was  3000  to  3250  tons.  By  using  100  piles  inside  this  meant 

32.5  tons  per  pile.  By  using  hard-pine  timber,  10  inches  square, 
the  friction  area  of  the  pile  is  3.3  square  feet  for  every  running  foot, 

or  3300  pounds  for  the  frictional  resistance  per  lineal  foot.-  The 
average  load  on  a  pile  being  65,000  pounds,  this  gave  65,000  -^-  3300 
or  20  feet  as  the  necessary  penetration  in  bearing  soil. 

Keeping  in  mind  that  the  first  25  to  30  feet  was  in  ,very  poor 
material,  peat,  in  fact,  we  have  45  feet  for  the  required  length  of 
pile;  the  outside  piles  being  more  numerous,  were  called  40  feet 
long. 

The  first  pile  driving  was  done  in  front  of  the  building  where 

the  tilling  w^as  the  greatest.  This  driving  was  done  before  any 
excavations  w^ere  made  and  the  diggers  followed  shortly.  As  the 
earth  was  removed  the  piles  were  sometimes  found  to  be  out  of 
plumb  and  out  of  position,  owing  to  their  striking  sunken  logs.. 

After  this,  the  excavation,  down  to  about  grade  —  10,  thfi  ordinary 
water  level,  was  done  in  advance  with  better  results.  Owing  to  the 
very  ragged  original  foundations  and  other  obstructions  the  piles 
could  not  always  be  driven  where  desired,  and  this  is  shown  in  the 

poor  spacing  and  ragged  lines  shown  in  Fig.  2.  This  also  neces- 
sitated the  use  of  caps  in  many  cases,  and  on  this  account  it  is  c[uite 

possible  that  some  outside  pile  loads  reach  50  tons. 
The  pile  driving  outside  was  done  with  a  Warrington  steam 

hammer  of  the  Nasmyth  type.  The  hammer  was  made  by  the  Vul- 
can Iron  Works,  of  Chicago,  and  consisted  of  a  frame  supporting  a 

steam  cylinder,  to  the  piston  of  which  is  attached  a  heavy  cast-iron 
ram.  This  whole  apparatus  rested  directly  on  the  pile  top ;  the  ram 
traveled  19  inches  and  struck  sixty  to  eighty  blows  per  minute,  and 
the  pile  was  practically  on  the  move  all  the  time  and  the  jar  reduced 
to  a  minimum.  The  total  weight  of  this  iron  work  resting  on  the 

pile  was  6500  pounds,  the  w^eight  of  the  ram  itself  was  only  1700 
pounds.  This  hammer  had  to  be  kept  well  oiled,  and  at  first  the 

steam  exhaust  scattered  the  oil  to  the  sides  of  the  building,  dis- 
coloring the  light  brick  to  a  yellowish  brown.  It  was  therefore 

found  necessary  to  protect  the  walls,  and  a  canvas  of  large  dimen- 
sions was  hung  from  the  walls.  Taken  all  in  all,  the  pile  driving 

was  perhaps  the  most  interesting  part  of  the  whole  procedure.  The 
outside  pile  driving  commenced  October  23d  and  ended  December 
7th.  There  were  173  of  these,  and  they  were  all  spruce,  furnished 

and  driven  by  the  contractor  for  $6  per  pile  of  40-foot  length. 
Seventeen  piles  were  spliced  with  a  spruce  stick  and  twenty-three 
were  spliced  with  the  hard-pine  10  x  lo-inch  stick,  used  inside  the 
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building.  For  all  spliced  piles  the  contractor  received  double  pay ; 

this,  of  course,  was  more  than  they  were  worth  as  compared  with 

single  piles,  but  as  the  latter  were  driven  at  a  loss,  it  was  thought 

best  to  be  liberal.  Nineteen  of  the  piles  were  cut  and  furnished  by 
the  owner  from  trees  cut  on  his  own  estate.  These  were,  of  course, 

green,  and  were  in  some  cases  2  feet  in  diameter  at  the  top.  The 

total  weight  to  be  supported  by  these  piles  was  about  1500  tons, 

making  on  the  average  9  tons  per  pile,  with  probably  no  pile  carry- 
ing more  than  12  or  15  tons.  The  contractor,  though  not  engaged 

in  the  pile-driving  business,  found  that  he  could  drive  them  cheaper 
than  he  could  sublet  them  to  other  contractors.    They  were  probably 

Fig.  4.     Wall  Before  Leveling. 

driven  slower,  but,  no  doubt,  far  better  than  if  by  a  subcontractor. 

The  force  necessary  was  a  foreman,  engineer  and  seven  or  eight 

men.  The  greatest  number  of  piles  driven  in  any  week  was  forty- 
two.  This  seems  a  small  number  compared  with  other  work,  but 

owing  to  the  presence  of  the  building  the  moving  of  the  apparatus 

was  slow.  From  notes  taken  of  the  men's  time,  etc.,  it  would  seem 
that  $8  per  pile  was  a  fair  price  for  piles  driven  in  good  shape  under 

such  conditions.  The  general  scheme  for  the  position  of  piles  was 

22  inches  from  the  face  of  the  brick  walls,  but  the  lower  portion  of 

the  wall,  being  built  of  heavy  blocks  of  granite,  often  gave  trouble 

by  the  projections  of  the  latter,  and  in  many  cases  the  piles  had  to 
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be  moved  and  almost  wedged  in  between  the  binlciing  stones  and 

driven  with  a  follower  to  get  them  down.  In  this  case,  24  or  25 

inches  from  the  brick  walls  would  have  been  cheaper,  although 

taking  more  iron.  As  fast  as  piles  were  driven  they  Avere  sawed  oft 

and  capped.  The  grade  for  this  cutting  was  8.33  above  low^  water, 

while  a  fe\A"  piles,  which  were  to  have  wooden  caps,  were  cut  at 
grade  y.^.  A  few  idle  piles  were  found  in  the  line  of  our  new  ones 

and  were  capped  and  used,  although  it  is  doubtful  if  they  were  of 
much  benefit. 

Inside  Piles. — These  piles  were  to  be  driven  inside  an  existing 
building  and  the  problem  was  difterent.  The  specifications  called 

for  piles  made  of  10  x  lo-inch  long-leaf  hard-pine  timber,  in  15-foot 
sections  or  lengths,  spliced  together  with  iron  bands  or  sleeves,  and  it 

was  estimated  that  three  lengths  at  least  would  be  everywhere  used, 

and  in  the  softest  places,  four.  These  specifications  w^ere  followed, 

and  only  first-class  timber  was  used.  There  were  about  3000  tons 

to  be  borne  by  the  inside  walls  and  ninety-eight  piles  w^ere  used. 
This  made  30  tons  at  least  for  the  average  loading  per  pile,  and  in 

two  cases  our  computations  showed  that  46  tons  would  be  the 

actual  load.  In  a  few  cases,  as  around  piers,  6  tons  was  the  com- 
puted load.  All  piles  were  numbered,  and,  after  sawing,  were  tied 

in.  \\'hen  any  inside  pile  was  to  be  driven  the  notebook  showed 
the  load  to  be  borne,  and  special  pains  were  taken  with  the  driving 

in  case  of  the  heavily  loaded  piles.  It  was  the  original  intention 

that  the  inside  piles  should  also  be  driven  with  a  steam  hammer,  as 

it  was  thought  that  better  work  would  be  done,  but  the  contractor 

raised  the  objection  that  the  escaping  steam  would  spoil  all  the 

walls  of  the  building.  The  real  reason,  without  doubt,  was  that  the 

steam  hammer  had  given  him  occasional  trouble,  and,  moreover, 

was  exceedingly  heavy  to  move  about  in  this  restricted  space,  be- 
sides the  care  of  the  escaping  steam  by  a  proper  exhaust  through 

the  windows.  We  yielded  the  point,  however,  on  the  contractor's 
guarantee  to  drive  the  piles  to  the  same  depths  with  the  drop 
hammer. 

Work  on  the  inside  piles  was  begun  December  loth,  and  was 

finished  February  ist;  the  force  of  men  employed  was  the  same  as 

when  working  outside.  Before  w^ork  was  commenced,  the  finished 
work  of  the  lower  fireproof  floor  was  taken  up,  and  holes  4  or  5  feet 

square  were  cut  in  the  brick  arches  vertically  above  the  pile,  like- 

wise a  hole  4  feet  square  was  dug  below  the  cellar  floor  and  exca- 
vated to  tide  water,  the  pile  driver  was  then  set  up  and  the  first 

section  driven.  When  the  first  15  feet  had  been  driven,  the  pile 

sleeve  was  placed  on  the  head  and  pushed  into  place  by  the  hammer. 
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Before  driving  the  next  stick  a  saw  cut  was  made  around  each  end, 

then  placed  in  position  on  the  sleeve  below  and  pushed  into  place  by 

the  hammer.  The  longest  piles  were  sixty  feet  and  the  shortest  37^ 

feet.  In  one  case  an  old  pile  was  found  in  line  of  our  new  one  and 

by  followers  was  driven  down  to  a  proper  grade.  Four  piles  were 

all  that  could  be  driven  in  one  da}',  under  a  contract  price  of  $15 
each,  which  entailed  a  loss  to  the  contractor.  From  notes  of  the 

number  of  men  employed,  I  have  estimated  that  there  was  a  loss  of 

about  $6.50  per  pile,  making  $21  to  $22  a  fair  value  for  such  piles 
furnished  and  driven. 

The  pile  splices  cost  Si. 24  apiece,  and  were  furnished  by 

Kendall,  of  Cambridgeport.  Throughout  all  the  pile  driving  the 

penetration  under  the  last  blows  was  taken.  The  method  used  was 

to  wait  until  the  foreman  swore  he  couldn't  drive  it  any  further  and 
then  have  him  take  about  ten  blows.  The  division  of  the  whole  pene- 

tration by  the  number  of  blows  was  called  the  penetration  of  the  last. 

The  smallest  penetration  of  the  steam  hammer  was  o.oi  inch, 

being  the  average  of  forty-five  blows ;  the  greatest  being  i  inch  to 
a  blow ;  a  fair  average  being  fifteen  blows  to  an  inch.  AVith  the 

drop  hammer  the  smallest  penetration  was  ̂   of  an  inch  and  the 

largest  i^  inches ;  a  fair  average  being  f  to  f  of  an  inch.  Nineteen 

feet  w^as  the  maximum  drop  of  the  hammer.  During  the  latter  part 
of  the  inside  driving  two  separate  gins  and  hammers  were  used ; 

one  being  used  for  driving,  while  the  other  was  being  erected  for  the 

next  pile,  and  thus  the  only  delay  was  a  few  minutes  to  transfer 

the  lead  rope.  These  inside  piles  were  nearly  all  driven  with  a  short 
follower. 

In  the  back  part  of  the  building  it  often  took  a  laborer  two  days 

to  get  a  hole  cut  through  the  old  timber  platform  below  the  walls. 

Outside  spliced  piles  were  doweled  together  with  a  2-inch  angle  iron 
8  inches  long. 

I  have  previously  mentioned  the  exceptionally  heavy  loads  to 

be  placed  on  many  of  the  piles.  Although  we  felt  safe,  we  could  not 

help  thinking  of  them,  and  the  owners  were  induced  to  purchase  for 

testing  purposes  an  hydraulic  jack,  of  100  tons  capacity,  costing 

S125.  This  was  of  Watson-Stillman  make,  with  4-inch  motion  and 

9-inch  base,  the  pump  for  cold-weather  use  taking  a  mixture  of  40 
per  cent,  alcohol  and  60  per  cent,  water.  We  made  six  tests  with 

the  jack,  covering  different  conditions. 

In  figuring  safe  loads,  the  Engineering  Nezvs  formula  was 
used,  thus : 

T         2  w  h        ,  -r  2  w  h 
L  ̂=.    and  L  = 

s  -)-  I  s  -|-  0.1 
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AMiere  "L"  is  the  load  and  W  the  weight  of  hammer,  both  in 

pounds,  "h"  the  fall  in  feet  and  "s"'  the  penetration  in  inches  under 
the  last  blow,  a  statement  of  the  various  tests  which  were  made 

follows : 

Test  Xo.  I.  Pile  N'o.  100. — This  was  on  a  green  spruce  out- 
side pile,  40  feet  long,  penetration  0.2  of  an  inch  under  the  steam 

hammer.  The  formula  gave  10  tons  as  a  safe  load,  while  the  actual 

load  was  figured  as  11  tons.  This  test  began  at  11.30  a.m.,  with  a 

load  of  25  tons,  and  was  continued  at  12  2.1.,  wath  a  load  of  30  tons. 

From  1.30  P.M.  to  3  p.m.  the  load  was  35  tons;  from  3  p.m. 

to  5  P.M.  the  load  was  40  tons,  when  the  test  was  stopped.  During 

the  test  no  displacement  of  the  pile  was  noticed. 

Test  Xo.  2. — This  was  in  a  spliced  spruce  outside  pile,  driven 
with  a  steam  hammer,  penetration  0.2  of  an  inch,  and  was  tested 

with  a  load  of  50  tons.    Xo  settlement  occurred. 

Test  Xo.  J.  Pile  Xo.  I2j. — This  was  a  spliced  spruce  outside 
pile,  the  lower  section  being  40  feet  and  the  upper  25  feet  long, 

driven  with  a  steam  hammer,  with  a  penetration  of  0.2  inches.  The 

jack  was  placed  on  top  of  the  granite  pile  cap,  and  upon  the  applica- 
tion of  35  tons  the  pile  cap  settled  and  continued  to  settle  until  a 

load  of  60  tons  was  reached.  At  the  time  this  test  was  made  there 

was  no  concrete  about  the  granite  cap,  and  it  was  at  first  thought 

that  the  pile  might  have  moved ;  later,  it  was  decided  that  this  ap- 
parent settlement  was  simply  the  compression  of  the  fibers  of  the 

pile,  as  in  test  Xo.  4. 

Test  Xo.  4.  Pile  Xo.  122. — This  pile  was  a  spliced  spruce  out- 
side pile,  the  lower  part  being  42  feet  long  and  the  upper  part  a 

hard-pine  stick,  10  inches  square  and  15  feet  long,  driven  with  a 
steam  hammer.  Computed  safe  load,  24  tons.  The  jack  was  placed 

on  the  granite  pile  cap  as  before.  In  this  case  the  cap  was  sur- 

rounded by  concrete.    The  results  w^ere  as  follows : 
Load.  Settlement. 
20  tons       o  inch. 

26     ■■           o     " 

40     "         -^-i     " 
52  '^     yk   " 
60  "     i\   " 

77  "    ^   " 

The  test' was  then  stopped  and  load  removed.  When  all  but 
20  tons  had  been  taken  off,  the  stone  cap  on  the  pile  head  came  up, 

indicating  that  the  pile  itself  had  not  moved,  but  the  fibers  of  the 

pile  were  compressed,  or  that  perhaps  the  joints  had  closed  a  trifle. 

Test  Xo.  5.  Pile  Xo.  12. — A  hard-pine  pile,  45  feet  long, 

driven  with  a  2000-pound  drop  hammer,  drop  18  feet  and  penetra- 



Load. Settlement. 

lo  tons. 0  inch. 

30     " 

0      " 40      "
 

%      ''
 

50      " 

Va     "^ 

60     " 

ff 
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tions  V  inch.     Safe  load,  24  tons ;  load  which  piles  must  carry,  46 
tons.     In  this  case  the  test  was  50  tons.     No  settlement  occurred. 

Test  No.  6.  Pile  No.  55.- — Hard-pine  pile,  45  feet  long,  driven 
in  three  sections  with  2000-pound  hammer,  penetration  0.7  inch. 
Safe  loads,  21  tons ;  load  which  pile  must  carry,  46  tons. 

Time. 

1.30  P.M. 

1.50  " 

2.00  " 

2.15  " 

2.40     ■' When  the  load  of  60  tons  was  applied,  the  loading  beam  buckled 

and  released  the  load,  after  which  a  net  settlement  of  -J  inch  showed. 
The  results  of  these  tests  were  very  satisfactory,  and  indicated 

the  piles  were  safe  under  any  load  we  expected  to  put  upon  them. 

Sazving  Off  Piles. — The  contract  price  for  sawing  off  piles  was 
20  cents.  It  cost  the  contractor  about  50  or  60  cents.  This  was 
due  to  the  small  space  in  which  the  men  worked,  the  narrowness 
of  the  trenches,  the  fact  that  many  piles  were  driven  hard  up  to  the 
walls,  and  also  that  the  men  worked  part  of  the  time  in  the  water. 

During  the  time  occupied  by  the  driving  of  the  outside  piles,  the 
largest  settlement  noticed  by  telltales  was  yf  0  of  a  foot  in  the  back 
end  of  the  building. 

On  February  ist,  or  after  all  piles  w^ere  driven,  the  largest 

settlement  on  the  back  was  yf-o  of  a  foot;  the  largest  settlement 
on  the  inside  was  y^o^  of  a  foot. 

Granite  Caps. — Every  pile  was  capped  with  granite  blocks  with 
their  tops  and  bottoms  medium  pointed.  The  depth  varied  from  8  to 

28  inches,  with  ̂   inch  allowance  for  joints.  The  reason  for  the  varia- 
tions in  depth  was  that  the  iron  beams  above  were  of  varying  sizes, 

and  it  was  necessary  to  set  the  tops  of  the  middle  tier  of  beams  at  the 
same  level.  Practically,  all  the  stones  were  2  feet  square,  and  prices 
on  furnishing  and  delivering  these  stones  varied  from  $525  to  $675. 
The  contract  was  awarded  to  Field  &  Wilde,  of  Quincy,  for  the 

former  sum.  This  price  w^as  later  reduced  to  $500,  provided  the 

engineers  would  not  be  too  particular  about  the  "looks"  of  the  stone. 
These  stones,  where  possible,  were  bonded  to  existing  masonry  by 

concrete.  For  the  proper  bedding  for  the  iron  beams  it  was  neces- 
sary that  the  tops  of  the  stones  should  be  level.  This  was  not  al- 

ways the  case,  and  a  stone  mason  often  had  to  point  a  trough 
through  the  top  for  a  width  equal  to  the  flanges  of  the  beams.  The 
cost  of  such  pointing  was  $30.  This,  in  the  end,  was  cheaper  than 
using  a  more  finished  quality  of  stone.     These  stones  were  easily 
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handled  bv  two  men  with  a  bar.  and  were  lowered  into  place  with  a 

differential  pulley.  As  fast  as  the  stones  were  set,  the  piles  under- 
neath were  located  on  the  stones  and  marked  with  a  cross  of  black 

paint.  These  stones  when  set  were  all  bedded  in  concrete,  and 

where  they  were  near  together  the  space  between  the  edges  were 
also  filled. 

Itemized  Cost  of  Capping  Piles. 

258  stone  caps   $500.00 
265  piles  sawed,  at  20  cents       530O 
Dressing  stone       35-00 
Chain  falls          21.00 
Laborers      168.40 
Mason        96.39 

$87379 

Or  about  $3.40  per  pile. 

Exclusive  of  pumping  and  concreting,  a  mason  and  tender 

could  lay  fourteen  stones  per  eight-hour  day. 

Concrete. — The  gravel  concrete  used  for  this  work  was  mixed 

5:3:1.  The  first  cement  used  was  Krouse's.  This  was  very  slow 
setting,  and  we  soon  changed  to  Atlas.  The  concrete  was  wheeled 

out  on  stagings  and  allowed  to  be  dropped  about  10  feet  into  posi- 
tion. Gravel  and  sand  for  this  work  cost  $1.30  per  cubic  yard, 

delivered. 

Steel  ll'ork. — The  total  weight  of  steel  beams  for  which  bids 
were  asked  was  118,698  pounds,  nearly  60  tons.  Specifications  were 

sent  to  ten  representative  companies,  and  the  contract  awarded  to 

the  Phoenix  Iron  Company,  for  1.675  cents  per  pound,  f.  o.  b.  Hunt- 

ington Avenue,  Boston,  from  which  yard, they  were  teamed  by  the 

R.  S.  Brine  Company  for  59  cents  per  ton. 

All  iron  beams  were  painted  with  two  coats  of  red  lead  and  were 

perfectly  plain,  without  punching  or  drilling.  There  were  three 
tiers  of  beams : 

First.  The  girders  forming  the  lowest  course  and  resting  directly 

along  the  pile  caps.  These  acted  as  continuous  girders  and  their 

size  was  not  figured.  These,  in  general,  were  made  12  inches  deep, 

which  seemed  reasonably  safe,  especially  .as  each  beam-  was  bedded 

in  a  12-inch  strip  of  concrete.  Similar  beams  on  the  inside  could 
be  computed  as  a  simple  beam  with  one  or  more  concentrated  loads. 

These  beams  varied  from  12  to  20  inches  in  depth. 

Second.  The  crossbeams  supported  by  the  former  and  extend- 
ing from  the  outside  through  the  walls  to  the  inside.  These  beams 

were  all  computed,  and  for  the  outside  walls  made  15  inches. 

Weights,  42,  50  and  60  pounds.    These  beams  were  likewise  bedded 
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in  the  concrete.  At  the  main  corners  of  the  buildings  these  beams 

were  laid  double  or  even  triple,  with  the  edges  of  the  flanges  at 
least  i  inch  apart,  to  facilitate  the  grouting. 

Third.  The  longitudinal  beams  resting  on  the  crossbeams 

were  laid  in  pairs,  the  extreme  edges  of  the  flanges  being  flush  with 

the  edges  of  the  1 6-inch  Avail,  the  space  between  them  being  filled 

with  concrete.  These  were  all  light,  8  or  lo-inch  beams,  and  di- 
rectly supported  the  wall  above. 

The  first  beam  was  set  Januarv  15th  and  the  last  not  until  some 
time  in  March. 

The  steel  beams  began  to  arrive  about  the  middle  of  January, 

and  the  work  of  setting  them  commenced  at  once.  This  was  the 

building  mover's  contract.  The  price  for  this  was  $500.  This  was 
done  at  a  profit  to  the  contractor,  as,  taken  in  conjunction  with  his 

other  work,  it  probably  cost  him  from  50  to  75  cents  apiece,  or  not 

more  than  $150  for  the  whole.  The  work  of  bedding  them  was  done 

by  the  owner.  The  first  beam  placed  was  on  January  15th,  after 

one-half  of  the  inside  piles  had  been  driven.  These  first  beams  were, 
of  course,  the  long  one  upon  the  pile  caps.  These  were  easily 

handled,  the  only  particular  work  about  them  being  the  proper 

placing.  The  axis  line  of  the  beam  was  made  to  fit  an  average  line 

through  the  centers  of  the  piles.  After  these  beams  were  in  place, 

the  position  of  the  crossbeams  was  marked  on  the  top  flange  of 

the  former  with  black  paint.  At  these  points  was  also  marked  the 

number  of  the  beam.  The  setting  of  the  crossbeams  was  more 

difficult.  Holes  were  cut  through  the  wall  wide  enough  to  admit  of 

their  passage.  They  were  then  bedded  in  cement  and  surrounded 

by  concrete.  Before  many  of  these  were  placed  the  contractor  had 

started  to  build  his  blocking ;  where  this  was  done  in  advance  of  the 

beam  laying,  holes  were  left  between  the  crib  work  at  all  places 

where  the  crossbeams  were  to  go.  This  setting  of  the  top  beams 

was  not  done  until  after  the  building  was  loaded.  They  were  then 

run  in  between  the  bilge  ways  and  easily  placed. 

During  the  progress  of  placing  the  steel  we  found  the  original 

iron  support  work  constantly  in  the  way.  Where  this  was  the  case 

it  was  cut  ofif.  In  most  cases  this  did  not  weaken  the  existing  sup- 
ports. The  cost  of  cutting  this  old  iron  was  $206.  A  great  many 

of  these  odds  and  ends  of  beams  were  used  in  place  of  new  ones 

ordered  for  our  work,  and  their  value  more  than  paid  for  what 

labor  was  done  upon  them;  in  fact,  I  may  say  where  an  old  beam 
could  be  used  and  was  available  a  new  beam  was  not  used,  and,  after 

completion  of  the  work,  the  owners  had  for  sale  several  tons  of 

unused  steel.    It  mav  be  thought  that  the  engineers  could  have  fore- 
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seen  the  fact  that  the  old  beams  could  have  been  used,  but  it  must 

be  remembered  that  they  were  all  buried  several  feet  under  the 

ground  and  their  reliability  was  uncertain.  They  were  carrying,  or 

supposed  to  be  carr}ing",  part  of  the  wall,  and  it  might  be  unsafe 
to  cut  them  out  at  the  time  they  might  be  needed. 

The  loading  of  the  building  was  begun  January  28th,  and  was 

finished  ready  to  raise  January  19th.  This  was  done  in  the  same 

general  manner  as  in  other  buildings,  and  the  process  of  raising  was 

immediately  commenced,  and  lasted  perhaps  a  week  or  ten  days. 

There  were  in  use  between  700  and  800  jacks,  each  of  4  or  5  tons 

capacit}".  The  maximtmi  force  used  on  this  part  of  the  work  was 
about  sixteen  men.  Each  man  was  given  charge  of  a  certain  num- 

ber of  jacks.  At  the  sound  of  a  whistle  each  one  was  given  a  quarter 

turn.  The  general  appearance  of  the  wall  and  blocking  was  noted, 

and,  if  all  was  well,  this  process  was  continued  until  the  desired  lift 

had  been  obtained.  Levels  were  taken  every  day  while  the  raising 

continued,  the  bottom  flanges  of  the  beams  in  the  first  floor  being 

taken  as  a  guide.  Either  lanterns  or  bicycle  lamps  were  necessary 

for  leveling  done  at  this  time  in  the  cellar.  In  all  cases  the  instru- 
ment was  perched  upon  the  blocking  and  the  leveling  rod  inverted. 

iA.s  fast  as  certain  sections  of  the  first  floor  were  leveled  the 

walls  were  pinned  oft',  and,  four  or  five  days  afterward,  the  needles 
were  withdrawn.  It  is  interesting  to  note  that  the  heavy  middle  wall 

was  the  cause  of  much  of  the  original  settlement,  and  this  was  the 

only  portion  which  gave  any  trouble  in  raising.  Among  other 

troublesome  things  was  the  necessary  work  around  the  boiler,  which 

was  accomplished  without  removing  it  from-  the  room. 
After  the  raising  was  complete,  the  offsets  to  the  building  were 

taken  from  the  original  base  line.  These  measurements  showed 

that  the  front  wall  is  almost  exactly  plumb.  The  back  wall,  which 

xvas  in  the  worst  condition,  is  all  right  in  spots  and  in  places  2  inches 

out.  The  side  walls  are  in  places  all  right,  and  at  the  worst  spots  are 

but  2  inches  out  of  plumb.  Portions  of  the  wall  with  big  cracks 
were  rebuilt. 

The  work  was  completed  without  injury  to  the  workmen  from 

falling  walls  and  other  debris,  and  our  portion  of  the  work  was 

finished  in  April,  the  total  cost  of  work  under  our  direct  supervision 

being  about  $20,000. 

A  great  deal  of  credit  is  due  to  Isaac  Blair  &  Co.  for  the  care- 

ful and  workmanlike  w^ay  in  which  they  fulfilled  their  contract. 
It  is  interesting  to  note  that  more  lineal  feet  of  piles  were  used 

in  the  original  foundations  of  this  building  than  was  necessary  to 

properly  carry  it. 
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The  fact  most  apparent  from  this  work  is,  perhaps,  that  such 

piles  will  stand  an  excessive  load  of  35  to  50  tons  if  well  driven  and 

if  the  spacing  is  say  4-foot  minimum. 

DISCUSSION. 

Mr.  Henry  F.  Bryant. — The  preceding  paper  has  set  forth 

the  facts  accuratel}^  and  in  considerable  detail.  I  can  add  but  little, 
but  will  state  what  seem  to  be  the  main  points  of  interest. 

This  building  was  in  such  bad  shape  that  only  a  few  of  its 

apartments  had  been  occupied,  and  those  had  been  vacated  by  order 

of  the  public  officials,  who  felt  that  collapse  was  sufficiently  near 
to  require  that  the  street  in  front  should  be  fenced  off  for  half 

its  width,  to  prevent  injury  from  falling  walls. 

This  serious  condition  was  unquestionably  due  to  the  use  of 

too  short  piles,  penetrating  only  a  foot  or  two,  if  at  all,  into  the 

soft  sand  below  the  peat.  It  is  difficult  to  understand  how  archi- 

tect or  builder  could  permit  such  construction,  but  it  was  apparently 

a  case  where  the  architect,  in  making  his  contracts,  had  not  suffi- 
ciently informed  himself  of  the  conditions  to  be  met  and  had  failed 

to  exercise  proper  supervision  of  construction.  The  builder  failed 

to  properly  watch  the  pile  driver,  who,  under  a  lump  contract,  cared 

nothing  for  the  cjuality  of  his  work. 

While  in  this  serious  condition,  with  the  property  in  the  hands 

of  the  mortgagee  under  foreclosure,  and  for  sale  for  but  little  more 

than  the  value  of  the  land  plus  the  building  materials,  the  present 

owners  took  advice  from  many  sources  regarding  the  possibility 

of  repairs.  Practically  all  advice  was  unfavorable  except  ours,  and 

as  such  advice  was  what  they  desired  to  get,  they  naturally  accepted 

it,  especiall}^  as  it  confirmed  their  own  opinion  as  experienced  and 
conservative  men. 

It  took  some  courage  to  do  this  and  to  clear  off  all  the  labor 

liens  and  other  charges,  which  amounted  to  a  considerable  sum. 

That  the  undertaking  was  a  troublesome  and  dangerous  one 
can  be  inferred  from  the  statement  of  the  contractors,  Isaac  Blair 

&  Co.,  who  have  done  most  of  Boston's  difficult  building  moving  and 
like  work,  that  it  was  the  toughest  proposition  they  ever  met. 

There  was  a  strong  temptation  to  do  this  work  differently ; 

that  is,  to  move  the  building  to  one  side,  put  in  new  foundations 

and  replace  it.  The  expense  would  have  been  about  the  same  but 

the  details  much  simpler.  What  was  feared  was  that  it  was  im- 
possible to  support  such  a  heavy  structure  on  the  existing  filling 

underlaid  by  peat  without  constant  settlements  and  cracking  of 
walls. 
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I  must  say  that  our  later  work  indicated  much  greater  sup- 
porting power  in  the  peat  than  was  anticipated,  although  at  no 

time  was  the  whole  weight  on  the  blockings  resting  on  fill  alone. 
The  only  uncommon  features  of  the  work  were  the  interior 

heavily  loaded  spliced  piles  and  the  use  of  iron  below  water  level 
in  close  proximity  to  a  peat  fonned  in  brackish  water. 

Spliced  piles  must,  of  course,  be  laterally  weaker  than  single 
sticks,  and  we  endeavored  to  place  the  splices  within  a  few  feet 

of  solid  earth,  either  original  or  filled.  By  using  squared  hard-pine 
timber,  we  failed  to  note  any  evidences  of  anything  but  vertical 
driving  in  a  straight  line,  or  of  the  displacement  of  one  stick  from 
another. 

The  tests,  which  might  be  criticized  as  being  only  of  short 
duration,  failed  to  show  any  evidence  of  settlement  or  other  motion 
of  the  interior  piles,  and  that  under  very  unusual  loads. 

We  were  led  to  attempt  this  loading  from  the  collection  and 
study  of  the  reports  of  a  great  many  from  all  over  this  country 
and  from  abroad.  It  became  evident  to  us  that,  given  a  reasonably 

resistant  soil  with  no  underlying  soft  clay,  loads  of  75  to  100  tons 

could  be  properly  placed  on  good  sturdy  spruce  or  Norway  pine 
piles  with  proper  penetration,  always  provided  they  were  not  placed 
too  near  to  each  other,  and  thus  exceed  the  compressive  strength 
of  the  soil. 

I  am  sorry  we  were  unable  to  get  more  than  70  tons  on  any 

one  pile,  but  the  building  was  not  heavy  enough  or  the  steel  beams 
used  were  too  weak  for  anything  more. 

For  a  similar  building  alongside,  I  should  be  willing  to  drive 

piles  to  carry  20  to  25  tons,  and  in  so  doing  to  save  money  over 
driving  shallower  piles  at  8  or  10  tons  each. 

It  has  been  asked  how  long  the  iron  beams  would  last  under 

the  conditions  now  existing.  This  is  not  easily  answered,  as  much 

depends  on  the  quality  of  the  peat,  the  rise-  and  fall  of  ground 
water  and  the  care  with  which  they  were  painted,  first  with  red 
lead  and  then  with  neat  Portland  cement  grout,  and  also  on  the 

porosity  of  the  surrounding  concrete. 
We  attempted  to  have  the  coating,  both  of  paint  and  cement, 

well  put  on  and  free  from  cracks  or  scratches,  and  the  concrete 

was  quite  carefully  laid  to  absolutely  surround  the  beam.  I 
do  not  think  that  the  ground  water  is  likely  to  fluctuate  much 

from  grade  —  10,  or  that  it  will  contain  the  salts  which  do  so 
much  damage  to  steel  in  ordinary  peat.  For  instance,  m  some  of 
the  lower  levels  of  Boston,  Brookline  and  probably  many  other 17 
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towns,  lead  service  pipes  are  the  only  ones  to  be  used  with  safety, 

wrought-iron  and,  to  an  extent,  cast-iron  disappearing  rapidly. 
In  my  judgment,  the  iron  beams  will  last  long  enough  to  keep 

the  maximum  fiber  stress  within  the  elastic  limit  for  from  fifty  to 

seventy-five  years. 
Moreover,  it  will  be  noted  from  the  section,  that  the  concrete 

is  in  most  cases  so  disposed  as  to  serve  either  as  a  beam  or  an  arch 
between  the  piles  and  should,  with  the  help  of  the  old  foundations, 

support  the  building  indefinitely. 
At  this  time  the  building  has  been  repaired  some  few  years, 

and,  so  far  as  we  can  learn,  has  shown  no  sign  of  weakness  at 

any  point. 
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COXSTRUCTIOX     OF    A     SCHERZEK     DOUBLE-ROLLER 
LIFT  BRIDGE  AT  MIDDLE  SENECA  STREET, 

CLEVELAND,  OHIO. 

By  William  J.  Carter,  Chief  Engineer,  City  of  Cleveland,  Member  of 

THE  Civil  Engineers'  Club  of  Cleveland. 

[Read  before  the  Club.  September  8,  1903.*] 

Without  attempting  to  describe  the  preliminary  work  leading 

up  to  the  adoption  of  a  double-roller  lift  bridge  at  Middle  Seneca 
Street,  I  will  give  a  brief  account  of  the  difficulties  encountered  in 
building  the  bridge,  principally  the  substructure. 

On  February  4,  1901,  a  contract  was  let  to  F.  E.  Gribben  for 
the  construction  of  the  substructure  of  Middle  Seneca  Street  Bridge. 

The  Scherzer  plans  calkd  for  submerged  counterweight  pits,  and 
indicated  that  the  substructure  was  to  be  built  in  a  cofferdam  con- 

structed of  a  single  row  of  Wakefield  triple-lap  sheath  piling. 

After  taking  out  the  old  abutments  and  center  pier,  the  con- 
tractor refused  to  proceed  unless  permitted  to  build  a  double  coffer- 

dam with  a  clay  puddle  wall.  This  permission  was  refused,  and 
the  city  proceeded  with  the  work  under  a  contract  with  G.  Wm. 
Doerzbach. 

At  this  stage  the  United  States  Government  insisted  that  the 
city  must  secure  permission  from  the  Secretary  of  War  for  the 

construction  of  the  bridge.  This  matter  was  taken  up  officially, 
and  it  resulted  in  the  Government  changing  the  location  by  moving 

the  south  abutment  tw'enty-five  feet  into  the  river  and  setting  the 
north  abutment  back  twenty-five  feet.  This  change  has  not  been 
a  beneficial  one,  as  large  vessels,  going  up  stream  against  a  very 
slight  current,  cannot  avoid  bringing  up  against  the  south  abutment. 

The  foreman,  in  charge  of  the  work  for  Mr,  Doerzbach,  sub- 
mitted his  plans  for  the  cofferdam  consisting  of  a  single  row  of 

nine-inch  Wakefield  sheath  piling.  He  also  proposed  to  arrange  a 
system  of  truss  bracing  that  would  permit  the  erection  of  a  steel 

pit  lining  without  having  to  take  out  cross-braces. 
The  borings  taken  showed  a  layer  of  clay  five  feet  thick  at  the 

site  of  the  south  cofferdam,  and  it  was  decided  to  drive  sheathing 

thirty-five  feet  long  that  would  penetrate  this  layer  its  entire  depth. 
The  clay  was  also  shown  by  the  borings  at  about  the  same  elevation 
for  the  north  side.  The  work  of  driving  the  sheathing  progressed 
without  any  noteworthy  incident.     The  contractor,  however,  used 

"'  Manuscript  received  February  27,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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a  peculiar  method  of  closing  his  work ;  he  would  start  sheathing 
about  fourteen  feet  in  advance  of  his  finished  work  and  drive  from 

this  point  toward  his  finished  work,  thus  making  it  necessary  to  use 
a  closure. 

This  method  appeared  to  work  out  first-class,  but  later  de- 
velopments showed  that  a  worse  method  could  not  have  been 

used,  as  instead  of  the  two  adjacent  sheath  pilings  going  down  in 
the  same  vertical  plane,  invariably  one  was  inclined  at  a  different 
angle  from  the  other,  so  that  the  closure  instead  of  closing  up  the 
gap  sometimes  opened  a  much  larger  one. 

The  cofferdams,  as  outlined,  were  completed  during  February, 

1902,  and  an  attempt  was  made  to  pump  out  the  south  cofferdam 

in  March.  After  pumping  two  hours  with  a  six-inch  and  an  eight- 
inch  centrifugal  pump  and  only  lowering  the  water  one  and  one- 
half  feet,  it  became  evident  that  something  was  wrong. .  An  exami- 

nation of  the  dam  was  made  by  the  diver  and  a  serious  leak  found, 

one  very  large  one  in  the  rear  where  one  of  the  aforesaid  closures 
had  been  made.  This  opening  was  so  large  that  the  diver  could 
walk  through  it. 

In  order  to  overcome  this  break  a  box  was  built  around  the 

effected  portion  of  the  dam  and  filled  with  concrete.  The  smaller 

leaks  were  calked  up  and  pumps  again  started. 

The  water,  however,  broke  through  the  box  apparently  coming 

under  the  bottom.  At  this  time  some  additional  borings  were  made 

to  see  whether  we  had  the  clay  penetration  figured  upon  and  it  was 

found  that  the  clay  was  about  seven  feet  lower  than  originally  sup- 
posed. So  it  was  necessary  to  surround  the  first  cofferdam  with 

sheathing  forty-five  feet  in  length.  This  was  done,  and  in  order  to 
transmit  the  water  pressure  to  the  inner  bracing,  the  space  between 

the  two  sets  of  sheathing  was  filled  with  concrete.  In  driving  this 
outer  sheathing  at  a  few  points  around  the  dam,  obstructions  were 

encountered,  that  seemed  to  be  in  the  nature  of  logs,  some  of  them 
at  a  depth  of  about  fourteen  feet  below  the  river  bottom. 

On  June  4th,  the  pumps  were  again  started  and  the  water 
lowered  about  eight  feet,  when  the  second  set  of  bracing  was  put  in 
place.  The  water  was  then  lowered  thirteen  feet,  when  a  bad  hole 

opened  up  in  the  northwest  corner  at  a  point  where  a  submerged 
log  interfered  with  the  driving  of  the  outer  sheathing.  This  break 
was  so  serious  that  our  pumps  were  unable  to  cope  with  it. 

The  formation  above  the  clay  was  coarse  sand  and  gravel  for 
several  feet;  above  this,  quicksand  and  then  the  river  silt.  It 
was    thought   that,    by    injecting   cement   grout,    this    stratum    of 
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gravel  and  sand  might  be  solidified  around  the  points  where  sub- 
merged logs  had  been  encountered  in  driving  the  outer  sheathing. 

Some  inch  and  a  quarter  piping  was  secured  and  driven  down 
until  the  clay  stratum  was  penetrated.  A  plug  in  the  end  of  the  pipe 
served  as  a  shoe  for  the  pipe  and  afterward  was  driven  out  with  a 
rod.  The  pipe  was  then  raised  about  six  inches  at  a  time,  the 

cement  grout  being  pumped  in  w'ith  a  small  force  pump.  This 
method  of  injecting  grout  was  used  at  each  point  where  we  had 

encountered  submerged  logs.  Pumping  was  again  attempted,  but 

satisfactory  progress  was  not  made,  so  we  decided  to  deposit  a  five- 
foot  layer  of  concrete  over  the  entire  bottom  with  the  exception  of 
the  spaces  occupied  by  counterweight  pits,  these  spaces  to  have  the 
concrete  excluded  by  building  a  form  around  them.  This  layer  of 
concrete  was  deposited  through  the  water  by  means  of  a  spout, 
the  concrete  being  mixed  in  a  Smith  concrete  mixer,  with  sufficient 

water  to  make  a  good  mortar,  and  handled  by  means  of  a  wheelbar- 
row to  the  spouts,  the  bottom  of  the  spout  being  within  a  foot  of  the 

foundation.  The  spout  was  gradually  raised  as  the  material  filled 

up.  The  five-foot  thickness  was  made  up  in  three  layers,  the  sur- 
face being  regulated  by  means  of  soundings  so  that  the  layers  were 

comparatively  level.  Grout  was  injected  into  the  spaces  to  be 
occupied  by  the  counterweights.  After  the  cement  had  set  for  five 

days,  the  pumps  were  started  and  the  surface  of  the  concrete  un- 
covered. 

The  original  leak  in  the  rear  of  the  cofferdam  now  made  its 
appearance  through  the  spaces  left  for  the  counterweights.  After 
several  ineffectual  attempts  to  stop  this  leak  it  was  decided  to  build 
the  steel  pit  linings  above  their  respective  pits  and  lower  them  into 
position,  building  concrete  around  them,  using  the  diver  to  deposit 
the  same,  and  ram  the  concrete  into  place. 

The  bridge  company  objected  to  using  this  method  of  placing 
the  pit  linings  for  fear  that,  on  account  of  the  small  clearance  for 
the  counterweights,  it  would;  be  impossible  to  secure  good  enough 
alignment,  but  after  having  been  assured  that  the  city  would  assume 
all  risks  they  proceeded  and  had  the  pits  lowered  into  place,  when 

they  were  concreted.  After  five  days  the  pit  was  pumped  out  with- 
out any  further  trouble  and  kept  clear  by  means  of  a  four-inch 

pulsometer. 
In  clearing  up  the  counterweight  pits  prior  to  lowering  the 

steel  linings  in  place,  some  of  the  effects  of  the  injected  grout  ap- 
peared. It  was  necessary  to  excavate  about  two  feet  in  each  pit 

to  get  the  proper  amount  of  concrete  deposited  beneath  the  pit 

linings.     In  making  this  excavation  layers  of  cement  rock  were  en- 
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countered  that  had  to  be  blasted  to  remove  the  same.  These  layers 
were  just  as  natural  as  the  sand  formation  showing  that  the  grout 
had  penetrated  to  good  effect.  Whether  this  was  the  case  in  all 
points,  I  am  unable  to  state. 

The  north  cofferdam,  being  nearer  inshore,  made  it  possible 
to  surround  the  front  and  two  sides  with  an  outer  row  of  sheathing 

forty-five  feet  in  length,  and  not  drive  any  in  the  rear.  An  ex- 
aminajtion  of  this  sheathing  by  the  diver  before  the  pumps  were 
started  showed  several  places  where  breaks  had  occurred,  but  none 
of  these  breaks  were  at  a  point  over  six  feet  above  the  river  bottom. 
It  was  thought  that  if  clay  was  deposited  along  the  outer  face 

and  two  sides  of  sufficient  depth  to  extend  same  above  this  six-foot 
point  that  all  of  these  openings  could  be  effectually  stopped,  and  this 
was  done. 

.  The  six-inch  and  eight-inch  centrifugal  pumps  did  not  work 
very  satisfactorily  in  pumping  out  the  south  cofferdam  after  they 
had  to  work  under  head  of  from  twelve  to  fourteen  feet.  Just  about 
the  time  the  pumps  succeeded  in  lowering  the  water  to  the  concrete 
that  had  been  previously  deposited,  the  large  pump  would  lose 

suction,  sometimes  taking  from  one-half  to  three-quarters  of  an 
hour  before  the  same  could  be  put  in  operation,  permitting  the  water 
to  rise  a  couple  of  feet  all  over  the  cofferdam. 

For  this  reason  I  decided  to  use  a  ten-inch  submerged  centrif- 
ugal pump  on  the  north  side  of  the  river.  This  pump  was  mounted 

in  a  framework  made  up  of  four  6x6  timbers,  securely  braced  and 
of  sufficient  length  to  reach  the  bottom  of  the  pit  when  excavated. 

This  pump  was  lowered  into  position  and  operated  with  a  30- 
horse-power  horizontal  engine.  Our  first  attempt  to  pump  out  the 
north  dam  was  successful  with  such  a  pump  in  about  two  hours. 

One  leak  developed  in  the  west  side  of  the  dam  that  seemed  to  in- 
dicate trouble,  but  a  couple  of  scow  loads  of  clay  dumped  opposite 

this  point  eft'ectuaily  stopped  the  leak.  There  was  so  little  leakage 
after  this  that  it  was  impossible  to  operate  the  ten-inch  pump,  so 
the  pit  was  kept  free  by  means  of  the  six-inch  Nye  pump. 

The  work  of  clearing  out  this  pit  and  putting  in  the  concrete 
progressed  without  any  unusual  difficulties. 

The  pit  linings  on  this  side  of  the  river  were  built  on  the  dock 
and  lowered  bodily  into  place,  this  being  made  possible  on  account 
of  having  used  truss  bracing,  leaving  a  clear  space  for  the  pits. 

The  superstructure  was  designed  for  a  one-hundred-and-twenty- 
foot  clear  channel,  the  truss  design  giving  somewhat  the  appear- 

ance of  an  arch  by  using  the  curved  bottom  chord,  the  top  chord 
meeting  the  same  at  the  center  of  the  river.     The  chord  of  one  arm 
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was  open  and  that  of  the  opposite  arm  was  finished  wedge  shape, 
the  wedge  entering  the  opposite  chord,  when  the  two  arms  are 

lowered  into  place.  The  counterweight  is  placed  in  the  end  tri- 
angular panel,  the  castings  being  bolted  on  either  side  of  a  web 

plate.  These  counterweights,  when  the  bridge  is  open,  rotate  into 
tlie  pit,  the  bottom  of  the  weight  at  the  lowest  point  being  about 
eighteen  feet  below  the  surface  of  the  river. 

No  difficulty  has  been  encountered  in  operating  the  bridge,  even 
if  pit  linings  are  filled  with  water. 

The  bridge  is  operated  by  means  of  two  25-horse-power  electric 
motors  on  each  arm.  It  takes  from  78  to  84  amperes  to  raise  the 
arm  and  from  45  to  60  to  lower  it ;  the  bridge  can  be  opened  in  one 

minute  and  closed  in  forty-six  seconds.  The  controllers  are  similar 
to  those  used  on  the  street  cars.  Provision  has  been  made  so  that 

one  operator  can  operate  both  arms ;  this  is  only  to  be  done  in  case 
of  an  emergency,  each  arm  being  operated  independently. 

A  system  of  signal  lights  in  the  operator's  house  indicates  the 
exact  condition  in  which  the  bridge  is  placed.  The  first  notch 
operates  the  breaks  and  pulls  out  the  tail  locks.  The  second  notch 
starts  the  bridge  in  motion. 

When  the  bridge  has  been  lowered,  the  proper  connections 
made  and  everything  locked,  the  signal  lights  go  out.  Should  any 
one  of  the  operations  be  neglected,  the  lamps  continue  to  burn. 

After  many  little  vexatious  delays,  this  work  having  extended 

over  a  period  of  two  years,  it  w^as  very  gratifying  to  lower  the  two 
arms  and  have  them  fit  i>erfectly. 

The  superstructure  weighs  416.28  tons,  exclusive  of  counter- 
weights, the  counterweights  amounting  to  227.31  tons. 

The  lumber  in  flooring,  40,000  feet  B.M. 
I  believe  one  thing  that  has  been  brought  out  with  more  force 

than  anything  else  during  the  construction  of  this  bridge  has  been 
not  to  build  a  bridge  with  submerged  counterweights.  About  all 
the  trouble  that  was  encountered  could  be  attributed  in  some  way 
or  other  to  these  submerged  counterweight  pits. 

The  bridge  is  of  the  Scherzer  design.  It  cost,  including  a  $5000 

royalty,  $74,277.99  for  substructure  and  $63,096.65  for  super- 
structure. 

This  bridge  has  been  in  service  since  June  25th  and  works  well. 
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THE  LACKAWANNA  AND  WYOMING  VALLEY 
RAILROAD. 

By  George  B.  Francis,  Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  before  the  Society,  January  14,   1904.*] 

This  project  was  conceived  in  1900  by  parties  having  interests 

in  the  northern  anthracite  coal  region,  who  beheved  that  there 

was  need  of  better  freight  and  passenger  service  for  the  local  re- 

quirements, and  that  a  first-class  interurban  electric  railroad  from 
one  end  to  the  other  of  this  coal  field  would  prove  to  be  a  good 
investment. 

The  Lackawanna  Valley,  in  which  flows  the  Lackawanna 

River,  a  branch  of  the  Susquehanna  River,  is  a  continuation  of 

the  Wyoming  Valley,  in  which  flows  the  Susquehanna  River,  the 

latter  river  breaking  through  the  northern  boundary  ridge  of  the 

valley  at  Pittston,  a  point  near  the  center  of  the  coal  measures. 

These  valleys  are  in  the  Alleghany  Mountain  region  of  the 

northern  part  of  the  State  of  Pennsylvania. 

The  three  coal  fields  known  as  the  southern,  middle  and  north- 
ern anthracite  coal  fields  of  Pennsylvania  are  the  only  anthracite 

coal  fields  deserving  of  mention  in  the  United  States,  and  the  de- 
mand for  this  coal  comes  from  all  points  of  the  compass.  The  area 

of  these  fields  is  the  equivalent  of  a  tract  of  land  twenty-two  miles 
square.  These  coal  measures  were  once  horizontal  and  bituminous, 

but  the  volatile  elements  of  sootiness  and  gas  have  been  driven  off 

under  the  great  heat  and  pressure  to  which  they  were  subjected 

when  the  Alleghany  Mountains  were  uplifted. 

This  coal  was  discovered  between  1770  and  1790,  at  the  time 

of  the  Revolutionary  War,  by  a  party  of  hunters,  but  was  not  mined 

until  1807,  and  mining  was  not  developed  as  a  trade  until  1820. 

The  northern  coal  field  extends  from  Carbondale,  on  the  north- 

east, to  Nanticoke,  on  the  southwest,  a  distance  of  about  fifty  miles. 

At  Carbondale,  the  coal  lies  near  the  surface,  and  at  Nanticoke,  in 

some  veins,  as  deep  as  eighteen  hundred  feet,  and  there  is  yet  much 
coal  to  be  mined. 

Scranton  and  Wilkesbarre  lie  twenty  miles  apart,  near  the 

center  of  the  coal  fields.  These  cities,  together  with  the  inter- 

mediate territory,  provide  a  population  of  upward  of  200,000  people 

adjacent  to  the  railroad  to  be  described. 

*  Manuscript  received  March  3,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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Owing  to  the  coal  transportation,  several  railroads  have  been 
built  to  and  through  these  valleys,  as  follows  : 

The  Lackawanna  Railroad,* 

The  Lehigh  \'alley  Railroad,"^  f 
The  Erie  Railroad,:?: 
The  Delaware  and  Hudson  Railroad, 
The  Ontario  and  Western  Railroad, 

The  Central  Railroad  of  New  Jersey, 
The  Pennsylvania  Railroad. 
The  street  railways  in  the  valley  also  extend  from  Carbondale 

to  Xanticoke. 

This  explanation  of  the  railroads  and  coal  measures  is  neces- 
sary as  a  preliminary  to  show  why  the  Lackawanna  and  Wyoming 

\'alley  Railroad  was  so  expensive  to  build  and  why  it  required  so 
many  different  kinds  of  structures. 

The  railroad  now  to  be  described,  which  has  been  built  under 

steam-railroad  charter  and  which  is  now  being  operated,  extends 
from  Wilkesbarre  to  Scranton,  a  distance  of  about  twenty  miles. 

It  is  a  standard-gauge,  double-track,  rock-ballasted,  third-rail 
electric  road  on  a  private  right  of  way  throughout  its  length,  laid 

with  90-pound  rail. 
It  was  opened  for  business  from  Scranton  to  Pittston  in  May, 

1903;  from  Pittston  to  Hancock  in  September,  1903,  and  from 

Hancock  to  Wilkesbarre  in  December,  1903.  Later  on,  it  is  ex- 
pected that  the  road  will  be  extended  to  Carbondale. 

The  railroad  enters  Scranton  by  a  temporary  location,  known 

as  the  Erie  cut-off,  with  steep  grades  (4  per  cent.)  over  a  hill  that 
is  to  be  pierced  by  a  double-track  tunnel. 

Except  on  the  temporary  cut-off  above  noted,  and  at  the  ter- 
minal loops  in  Scranton  and  Wilkesbarre,  used  only  for  passenger 

service,  the  alignment  is  within  the  limits  of  good  practice  for 
steam  railroads  of  the  first  class. 

With  the  exception  of  the  temporary  cut-off  above  noted,  the 
profile  of  grade  line  of  the  track  is  as  good  as  those  of  the  steam 
railroads  in  the  same  mountain  region,  the  maximum  rate  being 

2  per  cent. 

*  The  Lehigh  Valley  and  the  Lackawanna  are  trunk-line  railroads  be- 

tween New  York  City  and  the  West,  passing  through  this  'coal  region. 
t  The  Lehigh  Valley  Railroad  controls  the  Pennsylvania  and  New  York 

Canal  and  Railroad. 

t  The  Erie  Railroad  controls  the  New  York,  Susquehanna  and  Western 

Railroad,  the  Erie  and  Wyoming  Valley  Railroad  and  the  Wilkesbarre 
and  Eastern  Railroad. 
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The  track,  including'  rails,  ties,  ballast  and  switches,  is  of 
first-class  standard  steam-railroad  construction ;  in  fact,  equal  to 
the  best  existing  construction. 

In  addition  to  the  passenger  traffic,  it  is  intended  that  the  road 
shall  serve  as  a  freight  road  for  the  interchange  of  bulk  freight 
between  the  steam  roads  entering  one  end  of  the  valley  and  not 

reaching  the  other,  of  which  there  are  several.  A  local  freight 
service  has  also  been  inaugurated. 

Beginning  with  the  terminal  station  at  Wilkesbarre,  the  phys- 
ical characteristics  are  described  as  follows : 

The  Wilkesbarre  Terminal  is  in  the  heart  of  the  city,  on  the 
opposite  side  of  North  Market  Street  from  the  Union  Station  of 

the  various  steam  roads.  Here  is  a  capacious  terminal  passenger- 
station  building,  costing  in  the  neighborhood  of  $50,000 ;  also 

freight  house  and  freight  yards.  The  tracks  lead  out  of  the  city 
by  way  of  the  old  Pennsylvania  and  New  York  Canal  and  Railroad 

Company  right  of  way,  purchased  and  leased  from  the  Lehigh 
Valley  Railroad,  to  the  bank  of  the  Susquehanna  River.  Along 
the  bank  of  this  river  are  constructed  three  timber  cribs,  about  30 

feet  high  and  aggregating  1800  feet  in  length.* 
Mill  Creek  Bridge,  at  the  city  line,  has  been  built  in  several 

spans,  supported  on  concrete  masonry,  according  to  the  terms  of 

the  right-of-way  agreement.  The  tracks  then  pass  under  a  bridge 
span  of  the  Wilkesbarre  and  Eastern  Railroad,  which  bridge  span 

has  been  entirely  rebuilt  to  give  sufiicient  head  room. 

Near  the  New  Prospect  Breaker,  a  viaduct  has  been  con- 
structed, 554  feet  in  length  and  about  800  tons  weight,  to  carry  the 

road  over  the  two  Harvey's  Lake  Branch  tracks,  the  four  main 
tracks  of  the  Lehigh  Valley  Railroad,  the  mine  tracks  of  the  Le- 

high Valley  Coal  Company,  the  highway  upon  which  is  the  track 
of  the  Wilkesbarre  and  Wyoming  Valley  Traction  Company,  and 
the  three  tracks  of  the  Central  Railroad  of  New  Jersey. 

At  this  point  a  mine-opening  bridge  has  been  built  for  the 
relocated  highway.  Various  retaining  walls  and  pipe  subways 

have  been  built  here;  also  a  pump  house  and  gas-tank  building 
have  been  relocated  and  built. 

Several  bridges  have  been  built  for  the  crossing  of  highways 
in  the  next  few  miles,  as  follows : 

*  Described  and  illustrated  by  the  author,  in  "Timber  Crib  Construc- 

tion," Journal  of  the  Association  of  Engineering  Societies,  vol.  xxxii, 
No.  2,  February,  1904. 





Track  View.     Pittston   Ravine. 

Nolan  Street  Ret.mning  Walls.     Erie  Railroad  Bridge  in  Distance. 



Prospect  Viaduct. 

Rock  Cut,  Moosic. 
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Port  Bowkley  Road, 
Hancock  Avenue, 

Haley's  Road. 
Savior  Road, 
Inkerman  Road. 

At  Swoyer's  Hill  cut  it  has  been  necessary  to  build  timber 
brattice  work  on  both  sides  of  the  cut  for  900  feet  in  length, 
to  keep  the  blue  clay  from  sliding  on  to  the  track.  The  timber 
struts  extend  under  the  tracks  from  side  to  side  each  5  feet. 

A  bridge  has  been  constructed  over  the  Erie  Railroad  track, 

as  well  as  other  bridges  for  Erie  Railroad  mine  tracks,  just  west- 
erly of  Pittston. 
In  entering  Pittston  from  the  west  it  has  been  necessary  to 

build  retaining  walls  of  considerable  length,  and  to  build  a  bridge 
at  Xolan  Street,  a  bridge  for  the  Erie  Railroad  and  a  bridge  for 
Plank  Street  to  pass  over  the  railroad. 

In  the  city  of  Pittston  a  three-track  through  plate-girder  bridge 
of  about  90-foot  span  has  been  built  over  Main  Street. 

Another  three-track  bridge  has  been  built  over  Railroad  Street. 
Both  a  passenger  and  a  freight  station  have  been  constructed  at 

Pittston. 

A  large  culvert  was  built  in  the  ravine  going  out  of  Pittston 
on  the  north. 

Heavy  retaining  walls  were  built  between  Broad  and  Williams 
Streets,  Pittston ;  also  a  bridge  over  the  tracks  for  both  these 
streets,  as  well  as  a  bridge  for  the  Erie  Railroad  over  the  tracks 
near  Broad  Street. 

At  Heidelberg,  a  bridge  was  built  for  the  railroad  over  the 
street  and  the  street  railway. 

A  viaduct  about  600  feet  long  was  built  at  Avoca  over  the 

tracks  of  the  Lehigh  Valley  Railroad  and  the  Delaware  and  Hud- 
son Railroad,  a  highway  and  a  street  railroad.  This  viaduct  was 

for  the  purpose  of  crossing  from  one  side  of  the  ravine  to  the  other. 
It  contains  about  1300  tons  of  steel. 

Another  bridge  was  built  over  Plane  Street,  Avoca.  Near 

this  place,  as  well  as  at  several  other  places,  it  was  necessary  to 

go  into  the  mine  workings  and  build  masonry  to  support  the  abut- 
ments of  bridges  where  the  roof  of  the  mines  was  so  thin  that  there 

was  danger  of  its  caving  in. 
At  Moosic,  the  tracks  pass  under  another  bridge  (which  was 

built  to  carry  the  Erie  Railroad)  in  a  deep  rock-cut. 
At  Spring  Brook,  Moosic,  two  bridges  have  been  built  to  carry 

the  tracks  over  a  highway,  a  branch  railroad  and  Spring  Brook. 
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The  railroad  then  passes  through  Meadow  Brook  Valley  on  easy 

grades. 
The  passenger  station  at  Scranton  is  a  substantial  brick  build- 
ing, which  has  cost  about  $50,000.  It  contains  the  main  offices  of 

the  company  and  is  located  near  the  center  of  Scranton.  The 

terminal  site  contains  about  100  acres  and  was  formerly  the  loca- 
tion of  the  north  works  of  the  Scranton  Iron  and  Steel  Company, 

now  removed  to  Buffalo. 

The  passenger  station  has  a  loop  track  of  60  feet  radius,  the 
same  as  at  Wilkesbarre. 

The  freight  house  at  Scranton  is  a  substantial  building,  so 
arranged  that  it  can  be  enlarged  as  needed. 

The  problem  of  securing  terminal  lands  in  the  heart  of  Scran- 
ton, Pittston  and  Wilkesbarre,  as  well  as  securing  right  of  way 

through  the  coal  lands  and  workings,  was  a  stupendous  one,  and 

only  through  the  utmost  patience  and  perseverance  was  it  accom- 
plished. 

In  Scranton,  it  was  solved  through  the  moving  of  the  Lacka- 
wanna Iron  and  Steel  Company  to  Buffalo,  which  threw  a  large 

area  of  land  into  the  market. 

In  Pittston,  a  long  strip  of  land  through  the  center  of  the  city 
was  secured  from  the  Pennsylvania  Coal  Company,  but  before  the 

transaction  was  completed  the  coal  company  came  under  the  con- 
trol of  the  Erie  Railroad  Company,  and  it  was  many  months  be- 
fore the  stipulations  of  construction,  etc.,  could  be  reduced  to  an 

agreement  and  the  agreement  signed. 
In  the  approach  to  Wilkesbarre,  the  right  of  way  traversed 

lands  of  individuals  who  had  leased  surface  and  mining  rights  to 

the  Wyoming  Coal  Company,  Lehigh  Valley  Coal  Company,  Le- 
high Valley  Railroad  Company,  Central  Railroad  of  New  Jersey 

and  the  Pennsylvania  and  New  York  Canal  and  Railroad  Com- 
pany, as  well  as  lands  owned  by  these  various  companies.  The 

right  of  way  also  interfered  with  streets,  city  railroad  tracks,  culm 
banks,  mine  workings,  gas  works,  pump  houses,  etc. ;  but,  after 
hard  labor  on  joint  surveys,  consultations,  tentative  agreement 
papers  and  infinite  patience  by  all  concerned,  the  vexatious  problems 
were  solved,  one  after  another,  and  the  road  built. 

The  terminal  site  in  Wilkesbarre  involved  the  purchase  of 

several  acres  of  improved  property  and  the  exercise  of  much  in- 
genuity and  tact  to  secure  the  willingness  of  the  owners  to  part 

with  their  property  and  at  the  same  time  avoid  being  compelled  to 
pay  extremely  high  rates. 

At  various  other  places  much   difficulty  was   experienced  in 





Heidelberg  Bridge. 

Brattice  Work.     Swover's   Hill  Cut. 



Mill  Ckeek  Bridge    Showixg  Forms  fur  Concrete. 

^fiLL  CkEEK   Bridge,  Auutmexts   axd  Piers;   Showing  Concrete  Stripped 
OF  Forms. 
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securing  right  of  way,  and  resort  was  had  many  times  to  con- 
demnation proceedings. 

With  the  exception  of  the  freight  and  passenger  stations  at 
Wilkesbarre,  Hancock,  Pittston  and  Scranton,  the  stopping  points 
consist  of  platforms  on  each  side  of  the  tracks,  with  small  shelters. 
There  are  no  ticket  agents  excepting  at  the  four  places  named 
above. 

As  a  rule,  the  stopping  places  are  at  under  or  over-crossings, 
and  the  crossing  of  tracks  at  grade  and  the  breaking  of  the  third 
rail  are  avoided.    There  are,  however,  a  few  exceptions  to  this  rule. 

Nearly  all  the  masonry  required  for  retaining  walls,  bridge 
abutments  and  culverts  has  been  constructed  of  Portland  cement 

concrete,  and  the  following  is  extracted  from  the  specifications  for 
such  work : 

Extracts  from  Concrete  Specification. 

Concrete  for  the  bodies  of  piers  and  abutments,  for  all  wing  walls  for 

same  and  for  the  bench  walls  of  arch  culverts  shall  generally  be  made  in 

the  proportions  (by  measure)  of  one  (i)  part  of  cement  to  three  (3) 
parts  of  sand  and  six  (6)  parts  of  crushed  stone.  In  foundations  and 

arches,  proportions  will  vary  according  to  instructions  from  the  engineer. 

All  concrete  must  be  mixed  on  substantial  platforms  of  plank  or  boards 

securely  fastened  together,  so  that  the  various  materials  of  the  concrete  can 
be  kept  entirely  free  from  admixture  of  foreign  matter;  mixing  on  the 

ground  will  not  be  allowed  under  any  circumstances.  Satisfactory  methods 
of  measurement  will  be  the  use  of  headless  and  bottomless  barrels  or  boxes 

boxes  preferred)  for  measuring  sand  and  broken  stone.  The  measurement 

of  sand  and  broken  stone  in  the  ordinary  shallow,  round-bottom  wheel- 
barrow will  not  be  considered  satisfactory  and  shall  not  be  permitted. 

Molds  of  substantial  character  shall  be  made  in  which  to  construct 

all  concrete  work.  The  material  for  these  shall  be  furnished  by  the  con- 
tractor, and  the  expense  of  furnishing  all  such  material  and  of  constructing 

and  of  removing  the  same  shall  be  covered  in  the  price  per  cubic  yard  paid 
to  the  contractor  for  the  several  classes  of  concrete  work  called  for.  The 

face  of  all  plank  for  molds  shall  be  dressed  on  one  side,  and  all  plank  used 

on  the  front  surface  shall  be  of  a  uniform  thickness,  and  usually  two  and 

three-fourth  (2%)  inches  in  thickness,  for  all  important  work,  and  the 
frame  holding  them  in  place  shall  be  of  sufficient  strength  so  that  they 
shall  be  practically  unyielding  during  the  progress  of  filling,  tamping,  etc. 

The  frame  work  may  be  fastened  together  either  by  heavy  wires  or  iron 
rods  (in  most  cases  wire  will  be  preferred). 

In  case  rods  are  used,  a  sleeve  nut  will  be  provided  on  the  front  end 

so  the  rod  will  not  project  through  the  face  of  the  concrete  when  completed, 

and  at  least  two  inches  short,  so  the  hole  can  be  filled  with  cement ;  the 

upright's  or  studding  shall  be  placed  not  more  than  four  (4)  feet  apart, 
and  well  cross-wired  or  rodded,  so  there  will  be  no  possible  chance  of  their 
giving  away.  Foundation  concrete  may  be  put  into  excavations  without  the 
use  of  molds,  provided  the  sides  of  the  excavations  are  reasonably  true 
and  the  material   is   sufficiently  firm,   so  that  the  concrete  may  be  rammed 





Broad  Street  Bridge,  Erie  Railroad. 

Spring  Brook  Bridge. 
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AvocA  Viaduct. 





LACKAWAXXA  AND  WYO^IING  VALLEY  RAILROAD.       12^ 

1 

1 

•  0 

+ 
a 

,0 

+ 
•a : 

;,U 
+ 

M 

•  0 

+ 

f» too 

hi 

II 
n 

■»  © 

G 
 

R.
R.
 

NA
  

R.
R.
 

AN
AL
  

CO
 

W
E
S
T
E
R
 

E
R
S
E
Y
 

^g 

R.
R.
 

RE
AD
IN
 

C
K
A
W
A
N
 

DS
ON
  

C AR
ID
  

i 

< H 

1^1^^°^ 

«  0  S  *  s  '  [f >^ u 

-^ 

s 

S  "
 

i 

D  Q   2 

u 



126  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

thoroughly  without  yielding  to  the  adjacent  earth.  The  top  of  all  founda- 
tions shall  be  finished  smooth  and  level,  the  corners  and  edges  being  thor- 

oughly rammed  and  compacted  and  the  whole  surface  filled  full  of  mortar. 

No  honeycombed  surface  will  be  allowed.  When  anchor  bolts  are  required, 

they  shall  be  set  in  place  and  held  firmly  as  to  position  and  elevation  by 

templates  securely  fastened  to  the  mold  and  framing. 

The  bridges  have  been  built  under  the  specifications  known  as 

'"Cooper's  E  40." 
On  account  of  the  exposure  of  the  live  third  rail,  the  entire 

right  of  way  has  been  fenced  with  wire  fencing,  and  trespassing  on 
the  same  is  thereby  nearly  done  away  wdth. 

The  equipment  consists  essentially  of  the  following  kinds  of 
cars^  etc. : 

One  locomotive, 

Ten  single-end  passenger  cars  (controller  on  one  end  only), 
divided  in  the  middle  for  smoking  compartment. 

Three  single-end  combination  cars,  for  passengers  and  baggage. 
Four  single-end  express  cars,  for  local  package  express. 
Fifteen  double-end  multiple-unit  cars. 
Ten  ordinary  box  freight  cars  and  a  repair  car. 
The  passenger  cars  are  electrically  heated  and  lighted,  are  52 

feet  long  over  all  and  have  steam  railroad  trucks,  equipped  with 

two  150-horse-power  motors. 

The  car  house,  shops  and  power  house  are  located  on  the  ter- 
minal land  at  Scranton,  alongside  of  Roaring  Brook,  a  tributary 

of  the  Lackawanna  River. 

The  car  house  is  177  feet  long  and  146  feet  wide,  and  is  28 
feet  6  inches  high  in  the  clear.  It  has  two  division  fire  walls,  and 
each  of  the  three  divisions  contains  three  tracks.  One  bay  contains 

track  pit  and  repair-shop  conveniences.  The  building  is  fireproof 
throughout.  The  walls  are  of  brick,  the  roof  of  steel  trusses,  with 
concrete  and  expanded  metal  for  covering.  The  repair  portion  of 
the  building  is  divided  into  blacksmith  shop,  machine  shop,  winding 
room,  tool  room,  office,  etc.  It  is  lighted  by  electricity  and  heated 
by  hot  water. 

The  power  house  is  90  feet  wide,  133  feet  long  and  42  feet  high. 
The  boiler  room,  which  is  separated  from  the  engine  room  by  a 
brick  wall,  is  42  feet  wide  and  26  feet  6  inches  high.  There  is  room 

for  seven  400-horse-power  Babcock  &  Wilcox  water-tube  boilers,^ 
of  which  five  are  installed.  These  boilers  are  equipped  with  Roney 
mechanical  stokers. 

The  coal  and  ashes  are  handled  mechanically,  by  conveyor, 
through  overhead  bunkers  and  stokers,  to  fire,  and  then,  as  ashes, 
in  an  ash  car  running  on  a  track  beneath  the  boilers. 
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The  chimney  is  ii8  feet  high,  9  feet  10  inches  inside  diameter, 

and  is  of  Alphonse  Custodis  construction.  Worthington  feed 

pumps  are  installed.  The  steam  piping  is  standard,  full-weight 

wrought-iron  pipe,  magnesia  covered.  The  Holly  gravity  return 
system  is  used  for  returning  drips  to  the  boilers.  The  valves  are 

extra  heavy,  with  outside  yoke  and  screw.  The  engine  room  is 

large  enough  to  house  three  Westinghouse  vertical  cross-compound 
type  engines,  two  of  which  are  now  placed.  The  rated  capacity  of 

these  engines,  with  160  pounds  of  steam  pressure,  is  2000  horse 

power,  but  they  can  be  run  at  60  per  cent,  overload.  The  gene- 
rators are  A.  C.  D.  C.  type,  of  1250  k.  w.  capacity.  There  is  also 

a  duplicate  set  of  exciters,  independently  driven.  The  other  en- 

gine-room appliances,  such  as  switchboards,  transformers,  con- 

densers, etc.,  are  all  of  first-class  type. 

At  Hancock,  fourteen  miles  from  the  main  station,  is  a  sub- 

station, equipped  for  reducing  the  voltage  for  conversion  into  direct 

current.    This  building  is  also  arranged  for  a  passenger  station. 

The  pole  line,  from  the  main  power  house  to  the  substation, 

consists  of  30  to  35-foot  cedar  poles,  set  5  feet  into  the  ground  and 

100  feet  apart.  These  poles  carry  three  No.  4  B.  &  S.  hard-drawn 

copper  wires,  arranged  in  a  triangular  form  on  umbrella-type  glass 

insulators.    The  high-tension  current  is  of  22,000  volts. 
The  third  rail  weighs  75  pounds  per  yard,  and  is  unprotected. 

It  is  supported  on  each  fifth  tie  (which  is  of  extra  length)  and  is 

bonded  with  two  400,000  C.  M.  bonds.  At  gaps  there  are  two 

300,000  C.  M.  cables  placed  under  ground  in  conduits  of  creosoted 

wood  filled  with  pitch. 

The  track  is  bonded  with  two  4/0  protected  rail  bonds  under 

the  angle  bars.  There  are  cross  bonds  of  250,000  C.  M.  every  500 

feet  along  the  track. 

In  Wilkesbarre  there  are  several  grade  crossings  of  streets, 

and,  for  a  short  distance,  an  overhead  trolley  is  used  in  place  of  the 

third  rail,  all  of  the  cars  being  equipped  with  trolley  poles.  The 

contact  shoes  on  the  cars  are  of  the  gravity  pattern  and  take  the 

current  from  the  top  of  the  third  rail. 

The  road  is  operated  throughout  the  day  on  a  twenty-minute 
interval  between  cars,  with  extra  cars  morning  and  evening,  which 

make  a  ten-minute  interval. 

Special  cars,  on  a  five-minute  or  other  interval,  are  run  when 

required.    Multiple-equipment  trains  will  be  run  as  required. 
The  public  appreciates  the  convenience  of  the  road  and  gives 

it  a  liberal  patronage.    As  far  as  possible,  tickets  are  used,  and  the 
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general  rate  is  one  and  one-half  cents  per  mile.  Cash  fares  are  a 
little  higher. 

Westinghouse,  Church.  Kerr  &  Company,  of  New  York,  have 

acted  as  Chief  Engineers,  Auditors  and  Contractors  for  the  elec- 
trical equipment,  stations,  track  work  and  rolling  equipment. 

The  Security  Investment  Company,  of  Pittsburg,  Pa.,  has 

managed  the  financial  part  of  the  operation.  The  other  principal 

contractors  have  been  John  R.  Lee,  of  Paterson,  N.  J.,  for  grading, 

masonry  and  ballast  work ;  The  King  Bridge  Company,  McClintic- 
Marshall  Construction  Company  and  Phanix  Bridge  Company,  for 

Third-r.\il   Insulator,    Lackawanna    and    Wyoming    Valley    Railroad. 

Distance  from  Top  of  Running  Rail  to  Top  of  Third  Rail,  3  in. 

bridges,  and  The  American  Car  and  Foundry  Company,  for  equip- 
ment. 

The  total  cost  of  the  road,  as  far  as  constructed,  including  right 

of  way,  terminals,  grading,  masonry,  track,  power  house,  electrical 

work  shops,  car  house,  etc.,  has  been  nearly  $6,000,000. 

Mr.  Charles  F.  Conn  has  acted  as  business  manager  during  the 

construction,  and  is  the  Vice-President  in  charge  of  operation. 

Mr.  George  F.  Huggans  has  been  the  Civil  Engineer  in  im- 
mediate charge  of  location,  grading,  masonry,  bridging  and  track 

work. 

Supervision  of  the  building  work  and  electrical  equipment  has 

come  from  the  office  of  Westinghouse,  Church,  Kerr  &  Company, 

and  has  been  largely  executed  on  the  ground  by  Edward  M.  Decker. 
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THE   VALUE   OF   INSPECTIOX   OF   METAL   BRIDGES 

DURING  COIS^STRUCTIOX  AXD  ERECTION. 

By  Walter  L.  Golden,  Member  of  the  Engineers'  Society  of  Western 
New  York. 

[Read  before  the  Society,  May  5,   1903.*] 

When  a  superabundance,  or  at  least  a  considerable  amount, 
of  literature  has  appeared  on  any  subject  in  which  engineers  or 
those  interested  in  engineering  enterprises  are  concerned,  further 

suggestions  are  usually  offered  with  some  deference  or  apology ; 
and,  while  some  discussion  and  not  a  little  criticism  has  appeared 
now  and  then  on  the  question  of  the  value  of  inspection  in  our 
technical  publications,  an  impartial  presentation  of  the  facts  and 

conditions  of  the  inspection  business  will  perhaps  not  be  an  un- 
welcome subject  to  those  present,  and  not  without  interest  to  those 

unacquainted  with  the  practical  workings  of  an  inspection  bureau. 
In  our  great  system  of  civil  government  we  recognize  three 

departments — legislative,  executive  and  judicial.  We  intrust  the 
legislative  with  the  work  of  framing  the  statutes,  rely  on  the  ex- 

ecutive to  enforce  them  and  on  the  judicial  to  solve  all  questions 
arising  as  to  their  validity.  Now,  while  our  faithful  legislators 

may  give  us  an  ideal  code  of  laws,  the  essence  of  a  model  govern- 
ment, we  still  consider  enforcement  by  the  executive  as  absolutely 

essential,  and  consequentl}^  the  judicial ;  even  though  the  latter  may 
often  be  found  wanting  and  may  be  subjected  to  just  or  unjust 
criticism,  we  would  consider  it  the  height  of  folly  to  dispense  with 
their  services  on  this  account. 

Similarly,  an  intelligent  engineer,  when  he  has  drawn  up  his 
code  of  rules,  or  specifications,  as  we  may  call  them,  in  accordance 
with  which  a  bridge  or  other  structure  is  to  be  built,  may  expect 
to  follow  the  work  with  his  watchful  eye,  or  that  of  those  in  his 
employ,  to  see  that  his  designs  and  methods  be  not  accidentally  or 
intentionally  disregarded.  His  envoy  of  protection  is  the  inspector, 
who,  though  often  the  object  of  abuse  and  criticism,  deserved  or 

undeserved,  cannot  be  dispensed  with  any  more  than  can  our  ex- 
ecutives of  the  law,  who  may  at  times  come  short  of  their  duties. 

The  only  hope  lies  in  their  betterment  by  organization  and  co-opera- 
tion of  the  individuals  they  protect. 
One  of  the  exponents  of  the  engineering  profession  prefixes 

his  specifications  with  this  pertinent  clause:     "The  most  perfect 

*  Manuscript  received  March  12,   1904. — Secretary,  Ass'n  of  Eng.   Sees. 



VALUE  OF  INSPECTION  OF  METAL  BRIDGES.  131 

svstem  of  rules  to  insure  success  must  be  interpreted  upon  the  broad 

grounds  of  professional  intelligence  and  common  sense,"  evidently 
realizing  that  there  must  be  considerable  latitude  between  the  text 
and  practice  of  building  bridges  and  other  structures ;  the  one  is 
the  ideal,  the  other  the  practical.  But,  even  with  this  expectation 
of  a  certain  difference  or  leeway  between  the  two,  the  contractor 

undertaking  the  work  would  hardly  be  given  the  liberty  of  taking 

an  "inch  or  mile"  as  he  might  see  fit.  Here  the  inspector  has  an 
important  duty  to  perform,  for,  though  the  standard  of  shop  work 
is  constantly  improving,  and  in  its  present  methods  of  system  and 
precision  which  characterize  the  modern  bridge  shop  is  one  of  the 
marvels  of  modern  manufacture,  this  can  hardly  be  said  for  the 

honest  performance  of  that  work,  and  this  inspection  must  regulate. 
The  inspection  of  iron  and  steel  structures  dates  back  to  the 

time  when  the  first  were  constructed,  though  the  service  has  until 

a  dozen  years  ago  been  performed  by  the  engineer,  his  assistant  in 
charge  or  some  individual  employed  by  him  for  this  service.  All 

the  railroads  had  their  own  corps  of  inspectors  under  the  engineer- 
ing department,  and  the  old  iron  bridges  of  earlier  days  were  sub- 
ject to  the  most  rigid  kind  of  inspection  in  manufacture,  erection 

and  maintenance.  Later,  certain  men  of  some  engineering  and 

practical  experience  took  up  this  line  of  work  exclusively,  and  per- 
formed the  service  for  the  engineer  at  a  fixed  rate.  As  demands 

for  the  service  of  inspection  increased,  due  to  the  more  universal 
use  of  steel  for  structural  purposes  and  the  consequent  boom  in 
building  structures  of  this  class,  the  services  of  these  inspectors 
being  required  in  a  number  of  mills  and  shops  located  in  widely 

separated  districts  at  the  same  time,  the  formation  of  so-called 
inspection  bureaus  became  a  necessity,  in  order  to  economically 
perform  the  work.  So  that  one  man,  instead  of  traveling  about  to 
various  districts  on  work  of  a  varied  nature  and  following  each 
job  through  consecutive  stages  of  mill,  shop  and  field,  and  thus 
wasting  much  time  and  money  in  traveling,  located  in  one  district 
under  the  employ  of  the  bureau,  cared  for  all  their  work  (secured 

from  various  engineers)  in  that  district,  be  it  at  shops  or  mills,  and 
other  representatives  cared  for  that  portion  of  the  work  in  other 
districts.  The  present  custom  of  ordering  material  for  one  job 
from  a  number  of  mills  wherever  the  best  price  and  time  limits 

for  delivery  can  be  secured,  and  likewise  subdivision  of  shop  work 
to  different  companies  or  different  plants  of  one  company,  has  made 

the  system  of  co-operation  of  inspectors  and  consequent  formation 
of  bureaus  a  necessity.  To-day  the  most  extensive  railroads  still 
have  their  own  inspection  corps ;  some,  however,  prefer  to  have 
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this  work  performed  by  outside  inspectors,  in  the  aggregate  amount- 
ing to  thousands  of  tons  a  month — only  one  factor  which  makes  the 

inspection  business  so  extensive  and  keeps  a  considerable  number 

of  these  bureaus  alive.  Added  to  railroad  work  is  that  of  high- 
way bridge  construction,  structural  buildings  of  all  classes  and 

machine  construction,  including  all  mill  and  shop  equipment  and 
conveying  machinery.  To  illustrate  the  variety  of  inspection,  here 
is  a  catalogue  showing  the  various  lines  of  inspection  under  the 
care  of  one  bureau  on  which  they  are  working  at  the  present  time : 
Bridges  (railroad  and  highway),  buildings,  ship  hulls,  boilers, 
machinery,  locomotives,  steel  and  wooden  cars,  standpipes,  riveted 
water  pipes,  steel  rails  and  cement;  it  also  maintains  a  laboratory 
for  chemical  and  physical  tests  of  building  materials.  An  idea  of 
its  extensive  practice  may  be  had  when  it  is  known  that  this  bureau 

inspected  and  tested  materials  for  seventy-five  different  railroads 
in  the  three  years,  1898  to  1901,  and  this  only  one  of  half  a  dozen 
or  more  such  bureaus ;  nothing  can  better  show  the  recognition 
inspection  has  commanded  in  the  last  few  years. 

The  first  regularly  organized  inspection  bureau  was  that  of 
Hunt  &  Clapp,  Pittsburg  Testing  Laboratory,  in  April,  1883,  the 

next  following  soon  afterward,  that  of  G.  W.  G.  Ferris  &  Com- 
pany, and,  later,  R.  W.  Hunt  &  Company,  Osborn  Engineering 

Company,  J.  A.  Colby  and  R.  W.  Hildreth  &  Company.  Of  the 

large  bureaus  such  as  these,  there  are  not  more  than  eight  con- 
cerns, and,  added  to  these,  a  number  of  smaller  inspecting  firms. 

In  the  Philadelphia  district  (the  most  extensive  for  rolling  and 
fabrication  of  structural  material),  five  of  the  large  bureaus  are 
represented  and  half  a  dozen  of  the  smaller  ones. 

An  inspecting  company,  to  perform  its  work  effectively  and 
economically,  requires  a  carefully  organized  corps  of  inspectors  and 
clerks.  A  regular  detailed  system,  approved  by  experience  to  be 
capable  of  operating  with  regularity  and  uniformity,  is  the  only 
safeguard  against  mistakes,  lost  records  and  careless  work.  It 

may  be  of  interest  to  follow  through  the  various  stages  of  inspec- 
tion in  the  usual  order  as  practiced  by  inspectors,  and  note  what 

care  is  taken  to  secure  for  the  engineer  and  purchaser  the  structures 

they  have  ordered  and  expect  to  fulfill  certain  conditions  and  speci- 
fications. The  natural  order  of  work  is  mill,  shop  and  field  inspec- 

tion, and,  while  each  of  these  three  may  be  complete  before  the 
next  is  begun,  it  is  more  often  the  case  that  all  three  classes  on 

one  structure  may  be  going  on  at  the  same  time,  nearly  up  to  the 
state  of  completion.  The  third  stage,  that  of  field  inspection,  in 
many  cases  is  not  performed  by  the  bureau  having  mill  and  shop 
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work,  but  is  either  looked  after  by  a  regular  field  inspector  hired 
by  the  engineer,  by  the  engineer  or  his  assistant  or  by  no  one  at 
all.  the  last  being  not  an  unusual  occurrence  in  some  classes  of 
work. 

First  Class:  Mill  Lispcctioji. — \Mien  a  contract  for  a  bridge 
or  other  structure  is  let.  the  engineer  notifies  the  inspecting  com- 

pany and  bridge  company  who  are  to  do  the  work,  the  former 

being  supplied  with  a  copy  of  the  engineer's  plans  and  specifica- 
tions. The  plans  are  examined  and  forwarded  with  special  notices 

and  memoranda  to  the  inspector  located  at  the  contractor's  shops. 
The  bridge  company  orders  the  material  at  one  or  various  mills 
and  sends  duplicate  copies  of  these  orders  to  the  inspection. office, 
which  in  turn  sends  one  copy  of  the  orders  to  their  inspector  at 
the  mills ;  the  estimated  weights  of  the  order  are  then  made  and 
kept  for  reference.  Each  mill  inspector  compares  the  order  he 

has  received  with  the  mill's  own  order,  to  see  that  no  change  or 
mistakes  have  been  made.  As  the  steel  is  rolled,  test  specimens 
are  cut  from  different  sections  on  each  heat,  as  specified,  and  the 

physical  test  for  ultimate  strength,  elastic  limit,  elongation,  reduc- 
tion of  area,  character  of  fracture,  cold  and  quench-bending  tests  are 

made,  and  such  additional  tests  as  the  engineer  or  specifications  may 

require.  Record  is  kept  of  these  tests,  and  if  in  conformity  to  speci- 
fications are  accepted ;  if  not,  rejected,  and  new  tests  ordered  and 

made;  in  case  these  fail,  new  material  is  required.  Drillings  are 

also  taken  from  each  heat  for  chemical  analysis,  and  this  is  per- 
formed by  the  mill  chemist  and  his  work  turned  over  to  the  in- 

spector, who  forwards  all  these  records  to  his  home  office  (retain- 
ing his  own  copy),  and  th€  office  forwards  copies  of  them  to  the 

engineer.  As  fast  as  rolled,  the  inspector  is  required  to  examine 
material  for  surface  defects  and  flaws,  straightening,  size,  proper 
handling,  etc.,  noting  that  the  shapes  bear  the  heat  numbers  for 
which  he  has  pulled  his  test.  He  informs  his  home  office  of  the 

material  he  inspects  each  day,  and  as  material  is  shipped  he  checks 

the  invoices  for  the  same  with  his  mill-order  copy  and  estimated 
weights. 

At  the  head  ofBce  the  items  on  the  invoices  are  again  checked 
when  received  and  forwarded  to  the  engineer.  Thus  the  engineer 
is  kept  reliably  informed  as  to  the  condition  of  material  for  his 

work,  both  as  to  reliability  shown  by  testing  and  promptness  of 
manufacture  and  delivery;  he  cannot  be  deceived  by  excuses  or 
needless  delays  on  the  part  of  the  manufacturer.  In  following 

out  the  above  order  of  his  work,  the  inspector,  of  course,  may  meet 
various  disagreeable  complications ;   for  example,  it  may  be  that 
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when  the  order  for  material  was  placed  at  the  mill  no  mention  was 

made  of  inspection  or  the  specifications  covering  it;  this  informa- 
tion is  often  suppressed  intentionally  to  get  a  cheaper  price  on 

material ;  in  this  case,  the  appearance  of  an  inspector  at  the  mill 
is  hardly  a  pleasure  to  the  mill  manufacturer.  Much  has  been 
written  and  said  of  late  as  to  the  real  value  of  mill  inspection  of 
structural  material;  some  question  whether  it  is  really  necessary 

that  it  should  be  done  at  all,  but  simply  accept  the  manufacturer's 
guarantee  that  the  material  is  all  right.  Boiler  plate,  armor  plate, 
guns,  eye  bars,  cable  and  other  similar  material  are  inspected  and 
tested  with  great  rigidity  and  care,  are  required  to  come  closely 
within  specified  limits  and  are  rejected  as  unsafe  if  they  fail ;  but 

can  inspection  of  the  enormous  amount  of  structural  steel  manu- 
factured into  our  buildings  and  bridges  be  ignored  or  left  to  the 

manufacturer?  The  object  of  the  inspection  is  to  give  to  the  engi- 
neer an  independent  assurance  that  the  material,  tested  according 

to  specification,  is  a  good,  suitable  quality  for  the  purpose  in- 
tended; he  also  wants  the  least  expensive  way  of  arriving  at  this 

assurance.  Now,  the  manufacturer  can  see  no  reason  why  ma- 
terial pulled  at  fifty  thousand  pounds  per  square  inch  should  be 

rejected  as  being  low  in  tensile  strength  when  the  designer  has 
only  used  fifteen  thousand  pounds  as  a  tensile  strength  for  the 
basis  of  his  calculations ;  to  his  mind,  it  is  good  enough.  The 
natural  result  is  that  this  rejected  material,  though  not  suitable 
for  one  order  because  of  rigid  inspection,  will  be  acceptable  on 

another  where  there  is  poor  inspection  or  none  at  all.  The  engi- 
neer specifies  that  his  structure  shall  be  made  of  material  of  uni- 
form hardness  and  strength,  not  hard  in  one  part  and  soft  in  an- 

other, or  weak  in  one  piece  and  abnormally  strong  in  another. 
Not  that  these  conditions,  if  they  do  exist,  will  cause  the  structure 

to  fall  down ;  but  to  have-  it  correctly  proportioned,  and  take  no 
chances  on  any  part  of  it  failing,  he  guards  against  them. 

He  may  rest  assured  the  contractor,  with  his  own  business 

interest  at  heart,  will  hardly  co-operate  with  his  views,  unless  an 
independent  umpire  is  at  hand  to  protect  his  interest.  So  much 
for  testing  material. 

As  to  surface  inspection,  it  is  the  opinion  of  many  that  surface 
inspection  does  not  pay,  as  the  mills  guarantee  all  their  products 

and  agree  to  replace,  immediately  and  without  question,  any  ma- 
terial thrown  out  at  the  shop  because  of  surface  defects.  To  the 

writer  it  appears  that  certain  surface  inspection  is  necessary  and 
should  be  insisted  upon ;  material  should  be  inspected  for  heat 
numbers,  to  see  that  they  correspond  to  those  for  which  the  tests 
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were  pulled.  As  to  'defects  due  to  imperfect  rolling  or  crop  ends 
resulting  from  not  cutting  off  a  sufficient  amount  at  ends  of  the 

pieces,  it  is  far  better,  if  possible,  to  inspect  these  at  the  mill.  Sup- 
pose the  mill  docs  agree  to  replace  anything  rejected  at  the  shop; 

they  are  aware  full  well  that  in  doing  this  a  certain  amount  which 
passes  at  the  shop  would  not  pass  at  the  mill.  The  reason  for  this 
is  that  in  the  course  of  the  manufacture  of  a  bridge,  in  the  usual 
hurry  to  get  the  contract  out  on  time,  faulty  material  will  in  many 
cases  be  used  as  not  being  seriously  defective,  or  else  be  supplied 

from  stock  carried  by  the  shop.  The  writer  has  in  mind  a  de- 
fective I  beam,  a  part  of  a  large  building  under  construction  at 

an  Eastern  shop ;  there  had  been  a  lap  in  rolling,  and  any  mill 

inspector  would  have  rejected  it  as  defective.  The  shop  superin- 
tendent placed  it  on  supports  at  either  end  and,  giving  it  a  few 

blows  with  a  heavy  sledge  near  the  middle,  where  the  lap  occurred, 

without  any  apparent  eft'ect,  pronounced  it  satisfactory,  and  it  was 
used  in  the  structure ;  this  building  was  a  case  where  inspection 
was  not  considered  necessary.  As  to  the  practicability  of  surface 
inspection,  it  can  be  secured  at  the  smaller  mills ;  at  the  larger  ones 
it  is  a  very  hard  matter.  To  secure  it  at  these  mills  it  is  necessary 
for  purchasers  and  engineers  to  demand  that  the  mill  shall  provide 
a  suitable  place  for  the  material  where  it  can  be  inspected  between 
the  process  of  rolling  and  loading,  if  surface  inspection  is  to  be 
thoroughly  accomplished. 

Much  has  appeared  in  the  last  few  years  relative  to  further 
tests  and  examinations  of  steel  and  iron  other  than  a  tensile  and 

bending  test,  upon  which  material  is  accepted  at  present.  Without 
describing  in  detail  the  new  methods,  mention  of  only  the  important 
ones  may  be  of  interest.  Messrs.  Hunt,  Allen  &  Condron  have 

made  tests  of  material,  using  a  new  machine  constructed  by  them, 
which  measures  the  amount  of  work  done  as  this  machine  punches 

or  shears  a  plate  or  other  test-piece,  showing  more  nearly  the 
strength  developed  by  the  material  in  the  actual  shop  working  of 
it  than  a  simple  tensile  test.  The  impact  test  is  also  one  of  recent 
development,  detecting  inherent  brittleness  of  materials,  and  has 
a  large  field  of  usefulness.  The  method  and  machine  for  testing 
materials  for  impact  was  invented  by  Mr.  S.  B.  Russell,  member 
of  the  American  Society  of  Civil  Engineers,  and  he  presented  a 
paper  on  the  subject  before  the  American  Society  in  1899.  A  very 
important  quality  recognized  by  engineers  is  that  of  resilience,  or 
resistance  of  steel  to  sudden  shock.  The  work  done  on  the  test 

specimen  and  its  resulting  change  of  form  is  a  valuable  addition 
to  the  physical  and  testing  laboratory.    Its  practicability  for  regular 
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tests  on  manufactured  material  is  still  to  be  recognized.  Mr.  F.  S. 

Rice  has  made  some  worthy  suggestions  on  the  value  of  micro- 
scopic inspection  of  steel,  resulting  from  examinations  he  has  made 

of  specimens  (some  of  new  material  and  others  of  old  material 
long  in  service),  and  they  go  to  show  that  from  specimens  which  are 
carefully  polished,  when  examined  with  a  microscope  of  no  very  high 
magnifying  power,  much  can  be  learned  of  their  composition  and 
texture.  All  these  methods  of  testing  are  worthy  of  consideration 

and  would  make  valuable  supplementary  tests  to  those  now  in  com- 
mon use ;  it  may  not  be  long  before  some  of  them  will  be  adopted, 

and  recognized  as  not  too  expensive  to  be  specified  for  regular  tests 
of  structural  material. 

Second  Class:  Shop  Inspection. — In  the  manipulation  of  ma- 
terial and  the  many  details  that  are  involved  in  its  manufacture 

into  one  complete  structure,  a  shop  inspector  is,  of  course,  a  prime 
necessity.  His  duties  are  a  category  which,  when  carried  out  in 

all  its  details,  keeps  him  a  busy  man  from  the  start  of  the  contract 
to  its  finish.  If  true  in  the  mill,  it  is  doubly  true  in  the  shop  that 
unless  all  workmanship  during  the  stage  of  manufacture  in  the 

shop  be  competently  and  honestly  inspected,  much  of  the  purpose 

of  scientific  design  and  specifications  is  destroyed.  To  those  un- 

acquainted with  shop  practice  or  how  it  is  carried  on  in  a  multi- 
tude of  plants,  both  great  and  small,  the  many  ways  in  which  work 

can  be  intentionally  or  not  intentionally  slighted,  and  the  subter- 
fuges used  to  hide  these  variations  from  specified  rules,  would  be 

somewhat  of  a  surprise ;  in  this  day  of  large  output,  when  each 
shop  is  straining  every  nerve  to  manufacture  material  up  to  or 
beyond  its  rated  capacity,  the  superintendent  and  his  foremen,  in 
their  eagerness  to  satisfy  their  employers,  can  hardly  be  expected 

to  watch  the  engineer's  interests ;  the  quickest  and  cheapest  way, 
with  reasonable  certainty  of  holding  together,  is  their  business 
motto.  In  fact,  the  shop  drawings  are  about  all  the  men  work  by, 
with  the  notes  added  thereon  from  the  specifications  of  certain 

features  which,  in  the  judgment  of  the  shop's  engineer  or  drafts- 
man, are  worthy  of  mention;  in  half  the  cases  where  the  superin- 

tendent's attention  is  called  to  points  in  the  specifications  not  being 
followed  in  the  work  he  is  ignorant  that  such  a  specification  exists. 

It  may  be  his  duty  to  read  them,  but  is  often  his  privilege,  and  per- 
haps duty,  to  forget.  So  for  these  reasons  it  is  not  hard  for  a 

casual  observer,  when  passing  through  a  shop,  to  note  which  con- 
tracts are  under  inspection  and  which  are  not.  The  practice  of  sub- 

letting parts  of  contracts  in  certain  shops  and  classes  of  work  re- 
quires careful  inspection  both  to  keep  track  of  the  structure  as  a 
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Avhole  and  watch  its  manufacture.  Though  this  practice  is  often 
economy  or  perhaps  a  necessity  to  a  shop  not  able  to  perform  the 
entire  contract,  competition  may  cut  the  price  to  a  figure,  at  which 

good  work  can  hardly  be  done.  This  is  sometimes  explained  after- 
ward by  the  subcontractor  in  the  statement  that  inspection  was  not 

figured  on  when  the  work  was  taken. 

Some  very  interesting  and  practical  tests  for  built-up  girders 
and  truss  sections  were  recently  made  by  special  arrangement  of 
certain  interested  engineers  with  one  of  the  large  structural  shops ; 
the  results  showed  in  the  girders  tested  that  21  per  cent,  was 

added  to  their  strength  by  drilling  rivet  holes  and  use  of  power 

riveting.  Other  sections  showed  even  greater  superiority  of  high- 
standard  work  over  the  ordinary.  Care  was  taken  in  drilling  and 

riveting  these  sections,  of  course ;  but  only  the  same  care  which 
would  also  be  taken  on  work  under  good  inspection.  Now,  on 

those  structures  where  the  engineer  specifies  solid  drilling,  or  even 
reaming  of  punched  holes,  it  behooves  him  to  have  this  work 

watched  very  carefully,  if  he  considers  this  added  strength  neces- 
sary to  his  structure. 
Punching  full  size,  up  to  certain  thicknesses  of  material,  is,  of 

course,  much  cheaper  than  drilling  or  reaming,  and  will  be  done  if 
possible.  The  machine  riveting  will  in  most  cases  be  done,  but 
there  is  a  good  and  also  a  bad  way  of  machine  riveting.  These 
tests  are  only  one  thing  which  goes  to  show  in  what  degree  good 
or  poor  manufacture  may  influence  the  efficiency  of  the  structure. 

An  investigation  into  the  collapse  of  a  bridge  over  Tinker's 
Creek,  Bedford,  Ohio,  back  in  1896,  was  a  case  of  no  inspection; 
added  to  the  fact  that  the  bridge  was  weak  in  design,  the  material 

was  passed  with  a  high  percentage  of  phosphorus,  and  double 
punching  of  holes  in  tension  members  was  allowed.  As  a  result, 
the  bridge  collapsed  under  a  heavy  live  load. 

The  routine  work  for  a  shop  inspector  is  something  like  this : 
As  soon  as  the  material  begins  to  arrive  at  the  shop  he  makes 
weekly  reports  on  the  work  to  the  general  office;  he  receives  from 
the  bridge  company  a  full  set  of  drawings  for  the  structure ;  checks 

them  with  the  engineer's  plans  in  detail,  and  also  by  themselves  in 
detail ;  he  makes  a  careful  estimate  of  the  weights  of  all  parts  and 
a  complete  marked  list  of  the  same ;  in  checking  drawings  it  is  often 
necessary  for  him  to  alter  field  connections  to  facilitate  erection  and 
many  other  minor  details ;  it  is  his  duty  to  be  about  the  shop  at 
all  times  and  during  progress  of  his  work,  and  watch  the  various 

processes  of  manufacture  from  start  to  finish,  that  they  be  in  ac- 
cordance with  his  specifications ;  he  inspects  the  condition  of  ma- 
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terial  before  fabrication  and  identifies  it  as  that  rolled  for  his 

structure;  by  watching  all  stages  of  manufacture  closely  he  can 

stop  poor  work  that  may  be  covered  up  or  hidden  in  the  finished 
material,  and  can  correct  errors  easily,  saving  time  and  expense 

for  the  shop,  to  say  nothing  of  expense  and  profanity  in  the  field. 
When  finished,  he  gives  the  pieces  final  examination  and  checks 
their  measurement  in  detail ;  special  care  does  he  use  in  checking 

clearances  and 'field  connections,  two  most  important  points  and 
at  the  same  time  the  most  difficult  to  check  from  a  shop  inspector's 
standpoint;  the  painting  inspected  and  work  accepted,  he  stamps 
the  material  as  such,  and,  after  seeing  it  weighed  correctly  and 
loaded  properly,  he  reports  its  shipment  in  detail ;  he  receives  copies 
of  the  shop  invoices  for  the  shipment  and  checks  them  carefully, 

informing  the  shop  and  his  office  of  errors  in  the  same.  He  re- 
ports each  week  on  three  forms :  first,  of  mill  material  on  hand  for 

fabrication ;  second,  of  work  in  process  of  manufacture ;  third,  ship- 
ments of  finished  work.  At  the  completion  of  the  contract  a  de- 

tailed final  report  is  prepared,  showing  actual  and  scale  weights 
of  all  material  in  classified  form,  and  also  a  complete  report  of  all 
shipments  made  and  data  concerning  them,  accompanied  by  a 

descriptive  report  of  the  process  of  manufacture,  noting  any  un- 
usual features  or  defects  that  may  have  arisen,  rejected  material, 

causes  for  delays  in  progress  of  the  work  and  other  data  for 
record.  All  these  reports  and  records  are  made  in  shape  for  filing, 
the  inspection  bureau  keeping  duplicates  of  them  as  furnished  to 
the  engineer;  at  any  future  time,  any  question  arising  concerning 
the  structure,  reference  can  be.  made  to  them  and  the  information 

furnished  by  the  bureau,  if  .desired.  The  inspector  is  also  required 

to  keep  a  diary  record  of  his  work  and  time  spent  on  each  class  of 
work,  with  expenses  chargeable  to  each,  and  send  each  week  to 

his  office,  where  a  check  can  be  kept  on  his  movements  and  dis- 

position of  his  time.  This  is  the  routine  work  of  a  first-class  bureau's 
inspector,  and  this  category  requires  him  to  be  a  very  busy  man ; 
the  wide  range  of  his  work  demands  it,  and  the  most  important 

point  in  good  inspection,  in  fact  the  thing  which  distinguishes  it 
from  bad  inspection,  is  that  of  his  presence  at  all  times  during 

manufacture;  a  cursory  examination  of  finished  work  may  be  in- 
spection, but  it  is  not  good  inspection ;  it  is,  rather,  assumption, 

and  much  of  the  value  of  inspection  is  lost ;  we  may  add  that  it  is 
lost  when  cheaper  inspection  is  secured. 

All  of  the  larger  shops  now  employ,  and  have  employed  for 
a  number  of  years,  a  shop  inspector  of  their  own ;  his  work  includes 
all  jobs  passing  through  the  shop,  and  with  a  copy  of  the  drawings 
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in  hand  he  goes  over,  as  far  as  possible,  field  connections,  as  a  check 
on  the  accuracy  of  the  various  workmen,  and  for  this  part  of  the 
work  he  is  responsible  to  the  shop ;  tlicrc,  however,  his  duty  ends ; 
unless  there  is  something  extremely  irregular  about  the  material 

as  finished  which  may  cause  trouble  in  erection,  he  distinctly  under- 
stands that  in  serving  the  interests  of  his  employer  anything  fur- 

ther is  out  of  his  jurisdiction;  and  the  manufacturer  expects  that 
any  further  correction  will  be  called  to  his  attention  by  the  outside 
inspector,  and  not  his  own. 

As  to  the  attitude  of  the  shop  toward  the  first-class  inspector,' 
as  a  rule  it  depends  on  the  amount  of  trouble  the  inspector  finds  it 
necessary  to  make  for  the  shop ;  errors  in  manufacture,  anything 
that  will  prevent  the  material  from  fitting  properly,  the  former  will 
gladly  listen  to  and  correct ;  but  further  than  this,  as  to  faulty 
manipulation,  careless  finishing  and  the  like,  the  inspector  finds 
that  the  manufacturer  is  not  easy  of  persuasion,  and  sometimes  is 

both  stubborn  and  aggressive  under  the  force  he  may  be  obliged 
to  bring  to  bear  on  him.  The  superintendent  regards  his  own 

methods  as  good  enough,  for  he  considers  cost  and  output  at  the 
same  time ;  and,  in  the  event  of  any  interference,  he  either  tolerates 
the  inspector  as  a  necessary  evil  or  seeks  his  removal ;  and,  in 
justice  to  the  inspector  and  the  standing  he  has  obtained  in  the 
shops  in  latter  years,  it  is  much  harder  for  the  manufacturer  to 

have  him  removed  on  any  complaint  of  his  own  than  it  was  a  few 
years  ago.  In  the  majority  of  such  cases  the  inspector  against  whom 
the  greatest  cry  is  made  is  the  one  who  is  most  thoroughly  trying 
to  fulfill  his  duty. 

A  few  engineers  have  attempted  at  times  to  specify  that  the 

manufacturer  shall  make  certain  specimens  of  full-size  sections 
similar  to  those  entering  into  structures  of  importance,  for  the 
purpose  of  testing  by  loads  and  stresses  similar  in  character  for 

which  they  are  designed ;  this  work  has  been  done  in  a  few  in- 
stances, but,  of  course,  the  manufacturer  does  not  accede  very 

heartily,  and  it  will  require  the  concentrated  action  of  both  engi- 
neers and  inspectors  to  make  these  tests  in  future  as  customary  as 

they  are  desirable.  It  would  certainly  give  all  concerned  a  much 
better  idea  of  just  how  much  our  sections,  details  and  connections 

are  exceeding  or  falling  short  of  what  they  are  supposed  to  carry, 
and  at  the  same  time  show  the  standard  of  shop  zvork.  These 

added  tests,  of  course,  would  only  be  considered  necessary  on  im- 
portant classes  of  structures. 

Third  Class:  Field  Inspection. — To  any  fair-minded  engineer, 
field  inspection  as  a  supplement  to  mill  and  shop  inspection  on  a 
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structure  is  a  prime  necessity,  and  it  is  recognized  as  such  on 
about  all  railroad  work  and  usually  on  all  important  structures. 

In  many  cases  the  structural  engineer  has  his  own  field  inspector 
or  a  corps  of  field  inspectors,  though  of  late  years  a  considerable 
amount  of  it  has  been  done  by  inspection  bureaus. 

The  railroads,  unless  they  are  small  roads,  have  their  own 

field  inspectors  on  construction  as  well  as  maintenance.  The  Gov- 

ernment usually  does  its  own,  also,  though  in  some  few  cases  out- 
side inspection  is  employed.  Any  engineer  acquainted  with  the 

usual  methods  and  workmanship  of  erection  must  know  that  mis- 
handling of  the  material  or  faulty  work  at  this  stage  of  the  struc- 

ture may  undo  many  points  of  design  that  may  have  been  success- 
fully secured  in  shop  manufacture,  and  render  it  not  only  weaker 

than  it  was  designed,  but  weak  enough  to  cause  actual  failure 

sooner  or  later.  And  yet  it  is  surprisingly  the  case  that  on  a  large 

class  of  building  work  and  not  a  little  bridge  work  good  field  in- 
spection is  considered  too  expensive  a  luxury  to  warrant  its  em- 

ployment. 
Some  architects,  engineers  and  purchasers  expect  to  pay  a 

reasonable  price  for  the  inspection  of  large  and  necessarily  ex- 
pensive structures,  but  little  or  nothing  for  that  of  smaller  and  less 

expensive  structures.  Of  structures  failing  and  causing  loSs  of 

life  and  property,  the  majority  are  not  of  the  ultra-expensive 
class ;  and,  without  saying  that  lack  of  inspection  was  the  direct 

cause  of  failure,  in  many  cases,  where  no  attention  is  paid  to 
the  worlonanship  on  erection  of  this  class  of  structures,  failure 
can  be  reasonably  expected.  Many  of  the  insurance  companies 
are  looking  carefully  into  the  conditions  under  which  a  structure 
has  been  inspected  during  manufacture  and  erection  before  issuing 
a  policy  on  the  property. 

As  to  the  duties  of  the  field  inspector,  though  not  so  numerous 

or  varied  in  character  as  that  of  his  comrade  in  the  shop,  in  per- 
forming his  daily  routine  of  work  he  usually  finds  plenty  to  keep 

him  busy  if  the  work  is  proceeding  with  reasonable  rapidity.  He 
keeps  a  record  of  all  material  delivered  at  the  bridge  site  and  sees 
that  it  is  unloaded  and  transported  properly  from  the  cars  to  its 
place  in  the  structure,  examining  it,  at  the  same  time,  for  injury 
received  in  transportation  and  errors  in  shipping  invoices  of  each 
carload ;  it  is  necessary  for  him  to  be  thoroughly  acquainted  with 

both  the  original  design  and  shop  details  of  the  bridge,  if  the  struc- 
ture is  of  any  complicated  nature  whatever ;  in  fact,  he  must  under- 

stand it  so  well  in  all  its  connections  and  details  as  to  know  where 
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each  separate  piece  is  designed  to  lit ;  these  details  the  foreman, 
and  even  the  superintendent  of  erection,  in  nine  cases  out  of  ten, 
knows  Httle  about,  and  as  a  usual  thing  both  rely  on  the  inspector 

for  this  information.  To  the  uninitiated  it  is  surprising,  in  struc- 
tural work,  how  a  little  misplaced  material,  which  at  first  sight  may 

seem  to  fit  in  place,  is  found,  a  little  later,  to  belong  elsewhere, 
the  consequent  change  perhaps  entailing  much  trouble  and  expense ; 
the  shop  marks  on  all  of  these  pieces  usually  govern  the  erector, 
and  he  unfortimately  pins  his  faith  on  a  not  very  certain  guide; 
especially  is  this  true  in  work  that  has  been  wholly  or  practically 
all  assembled  and  the  field  connections  reamed  in  the  shop  ;  to  obtain 
the  best  results  and  benefit  derived  from  this  method  of  insuring 
good  field  holes,  the  parts  must  necessarily  be  assembled  the  same 
way  in  the  field;  and,  without  inspection,  this  will  in  most  cases 

not  be  done.  The  inspector  examines  the  quality  of  all  workman- 
ship on  the  bridge,  and  any  attempt  to  slight  or  injure  the  work  he 

prevents  before  it  proceeds  further ;  he  is  the  engineer's  daily  repre- 
sentative on  the  job,  and  reports  to  him  all  matters  and  questions 

that  arise  in  its  prosecution ;  also,  all  difficulties  and  delays  of  an 

irregular  nature,  and  these  he  incorporates  in  a  report  to  the  engi- 
neer weekly  or  oftener,  as  circumstances  may  require.  It  is  evi- 
dent, to  carefully  and  thoroughly  carry  out  this  regimen  of  inspec- 

tion, faithful  and  constant  watchfulness  is  the  engineer's  only  hope 
for  a  perfect  job.  No  mere  cursory  examination  at  irregular  or 
even  regular  intervals,  such  as  is  the  all  too  common  practice  on 
some  classes  of  work,  will  secure  it  for  him ;  not  only  does  it  apply  to 
steel  work,  but  also  all  other  materials  entering  into  important 
parts  of  the  structure,  especially  those  subject  to  loads. 

The  collapse  of  a  building  under  construction  in  New  York 
in  September  of  1896  is  only  one  example  of  the  fact  that  building 
operations  in  every  city  need  to  be  very  carefully  watched,  in  the 
interest  of  public  safety,  to  prevent  careless  and  willfully  bad  work 

being  done.  This  was  by  no  means  the  first  accident  of  this  char- 
acter for  New  York  City.  The  city  building  department  was 

blamed,  but  a  lack  of  appropriation  for  building  inspection  was  the 
real  cause  of  the  disaster.  There  was,  in  1896,  in  New  York  City, 
$90,000,000  expended  for  new  structures,  and  in  the  same  year 

$177,000,  or  one-fifth  of  i  per  cent.,  for  inspection.  From  ̂   to  i 
per  cent,  should  have  been  allowed  for  this  class  of  work.  Grant- 

ing every  city  building  department  to  be  honestly  and  efficiently 
managed,  and  every  one  of  its  inspectors  to  be  absolutely  honest 
and  faithful,  it  is  still  certain  that,  with  the  limited  appropriations 
which  are  generally   allotted   to   city   building   departments,    their 
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inspection  must  be  too  hasty  and  incomplete  to  insure  discovery 
of  every  defective  building,  even  though  they  may  usually  succeed 

in  doing  so.  The  time  may  come  when  this  will  be  remedied — 
when  ampler  means  will  be  furnished  to  building  departments 

for  their  work — but  it  should  be  fully  understood  that  under  exist- 
ing circumstances  the  inspection  made  by  the  city  should  never 

take  the  place  of  or  relax  the  vigilance  of  the  inspection  that  should 
be  carried  on  on  behalf  of  the  engineer  or  architect  and  the  owner. 

In  tJiis  class  of  inspection  a  great  opportunity  for  improvement 

exists.  The  best  architects,  conducting  a  large  and  well-systema- 
tized business,  have  an  efficient  corps  of  inspectors ;  but  on  the  great 

bulk  of  building  inspection  carried  out  under  the  direction  of  ordi- 
nary architects,  or  in  many  cases  without  the  aid  of  any  architect, 

inspection  is  often  a  very  crude  attempt.  That  this  should  not  be 

goes  without  saying.  The  owner  of  a  building  is  responsible  for 
its  safety  and  can  be  held  for  damages  if  it  fails,  due  to  faulty 

construction ;  his  insurance  policy  is  also  void  in  case  of  failure  of 
the  building;  therefore,  if  he  neglects  to  provide  inspection  to 
secure  its  safe  construction  he  runs  a  heavy  risk.  Besides,  an 
expenditure  for  inspection  will  mean,,  in  many  cases,  a  more  durable 

structure — one  that  will  involve  less  expense  for  repairs  for  many 
years ;  his  attempt  at  saving  by  disregard  of  inspection  is  in  reality 

a  waste.  There  is  an  opportunity  for  the  establishment  of  inspec- 
tion bureaus  for  this  class  of  work  (that  of  building  inspection) 

similar  to  those  for  structural  bridge  work.  At  present,  the  pur- 
chaser of  a  building  has  no  adequate  assurance  that  the  structure 

is  securely  built.  Such  purchaser  would  pay  somewhat  more  for 

a  structure,  if  with  the  deed  he  received  a  certificate  of  an  inspec- 

tion bureau  of  wide  reputation  that  the  structure  had  been  continu- 
ously inspected  during  its  construction  and  received  its  approval. 

And  when  purchasers  asked  for  or  demanded  such  certificates,  the 

builders  who  erect  to  sell,  or  owners  building  for  investment,  would 

find  it  to  their  advantage  to  employ  such  a  bureau.  Moreover,  such 
a  bureau  can  perform  the  work  of  inspection  more  efficiently  and 

economically  than  the  ordinary  architect.  He  could  have  special 

men  for  machinery,  lighting  apparatus  and  other  details  of  the 

work  with  which  the  average  architect  or  his  assistant  are  often, 

not  familiar.  Thus,  many  architects  would  prefer  to  place  the  in- 
spection in  the  hands  of  a  bureau  rather  than  undertake  it  them- 

selves. This  solution  of  the  building  problem  is  dependent,  in  a 

great  measure,  on  the  purchase')'' s  own  demand  for  safe  inspection. 
Following  the  field  inspection  of  work  under  construction  "yn 
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bridges  and  other  important  structures  is  that  of  maintenance  in- 
spection and  provisions  for  its  prosecution. 

Special  means  for  obtaining  easy  access  to  the  superstructure 

of  large  bridges  in  order  to  perform  the  necessar}^  work  of  in- 
specting, repairs  and  painting,  is  a  matter  which  deserves  greater 

recognition  than  it  has  generally  received  from  engineers.  Euro- 
pean bridge  builders  have  paid  some  attention  to  such  features  in 

a  few  instances,  an  example  of  which  is  the  great  steel-arch  bridge 
at  ]Muengsten,  Germany,  where  an  elaborate  system  of  traveling 
staging  for  reaching  all  parts  of  the  metal  work  were  designed 
and  built  by  the  engineers  as  a  part  of  the  bridge ;  but  in  America 
there  is  not  one  similar  structure  where  such  devices  have  formed 

a  part  of  the  original  work.  This  fact  is  all  the  more  noticeable 
because  of  the  number  of  really  large  bridges  in  this  country  where 
suitably  designed  inspection  staging  or  platforms  could  have  been 
constructed  at  a  very  small  cost  compared  with  the  saving  effected 
by  them  in  future  inspection  and  repairs.  No  engineer  needs  to 
be  told  that  it  does  not  matter  how  well  a  bridge  may  have  been 
designed  and  constructed  in  the  beginning,  it  has  to  be  inspected 
and  repairs  made  frequently  thereafter ;  also,  periodically  painted, 
under  inspection,  as  long  as  it  is  in  service.  In  nine  cases  out  of 
ten,  moreover,  it  depends  upon  the  ease  with  which  access  can  be 
obtained  to  the  metal  work  which  needs  these  attentions  whether 

care  is  given  it  at  once,  when  it  will  result  in  the  greatest  benefit, 
or  whether  it  is  deferred  until  the  conditions  are  such  that  the  work 

cannot  be  deferred  any  longer.  One  of  the  most  creditable  features 

of  the  Muengsten  bridge  cited  as  an  example  above  (a  double-track 
bridge  over  1500  feet  long)  is  that  every  member  of  the  whole 
superstructure,  including  its  great  arch  span  of  550  feet  in  the 
center,  can  be  easily  reached  by  engineers  or  inspectors  who  may 
for  any  reason  desire  to  examine  it. 

The  price  of  field  inspection,  though  often  based  on  the  ton- 
nage of  the  work,  as  mill  and  shop  inspection  is  done,  is  in  many 

cases  let  to  an  outside  inspection  bureau  on  a  day  basis.  This,  in 
many  cases  where  progress  of  work  is  slow,  is  the  only  profitable 
way  by  which  it  can  be  done. 

The  writer  had  hoped  to  be  able  to  describe  at  some  length 
the  condition  of  inspection  work  and  recognition  that  inspection 
receives  in  the  countries  across  the  water  as  compared  with  our 
own,  but,  unfortunately,  was  unable  to  secure  any  complete  data 

in  the  limited  time  available.  England,  however,  has  regular  in- 
spection bureaus,  similar  in  operation  to  our  own,  and  structural 

i'-on  and  steel  are  carefully  inspected  in  rolling  and  manufacture. 

19 
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In  Germany,  the  entire  work,  including  inspection,  is  vested  in  and 
performed  by  the  engineer  in  charge  and  his  assistants,  and  the 
system  of  inspection  bureaus  is  ahnost  entirely  absent. 

In  conclusion,  it  may  be  of  interest  to  note  a  few  of  the  reasons 
usually  advanced  by  engineers  or  purchasers  why  inspection  is  not 
necessary : 

First.  Reliance  placed  on  the  honesty  of  a  good  bridge  com- 
pany. To  be  sure  of  satisfactory  results,  with  no  check  on  the 

quality  of  the  work  turned  out,  and  to  look  upon  such  a  check  as 
reflecting  on  the  honesty  of  the  bridge  company,  is  a  view  that  is 
hardly  consistent  in  matters  less  important.  We  look  upon  a  man 
who  buys  a  watch  as  a  fool  if  he  pays  for  an  Elgin  and  gets  a 
Waterbury  because  he  did  not  examine  it  before  purchasing;  yet 
when  a  purchaser  accepts  and  pays  for  a  bridge  he  accepts  blindly 
his  new  possession  with  only  the  verbal  guarantee  of  the  bridge 
company.  It  is  not  a  question  of  the  integrity  of  the  company 
or  its  management ;  but  through  all  the  hands  that  the  tons  of 
material  must  pass  on  its  way  to  completion,  each  individual  leaves 
the  results  of  his  work,  either  good  or  bad,  and  each  man  will  look 

to  his  own  interest  first ;  everyone  in  the  concern's  employ,  from 
the  laborers  to  the  manager,  recognizes  that  "business  is  business." 
The  purchaser  would  cease  to  be  scrupulous  on  this  point  if  he 
kept  this  trite  saying  in  mind  when  tempted  to  trust  to  the  tender 

mercies  of  the  manufacturer;  on  the  other  hand,  the  bridge  com- 
pany that  has  nothing  to  fear  from  the  inspector  will  welcome  him 

to  the  shop  to  see  that  the  work  is  done  in  the  best  possible  manner 
and  up  to  the  standard  of  the  structures  for  manufacture. 

Second.  That  the  work  in  hand  is  hardly  of  enough  impor- 
tance to  warrant  inspection.  In  this  day  of  economic  construction, 

when  the  parts  of  a  structure  are  designed  so  accurately  for  their 

intended  loads,  the  allowable  working  stresses  and  resulting  sec- 
tions are  figured  proportionately  the  same  on  one  class  of  work, 

whether  it  be  for  light  or  heavy  load ;  even  granting  that  lower 
factors  of  safety  be  used  on  secondary  work,  they  are  used  not 

because  it  is  considered  that  less  care  will  be  necessary  in  manu- 
facture of  material,  but  because  in  supporting  the  lighter  loads  the 

uncertainty  of  sudden  heavy  loads  and  impact  which  may  be  de- 
veloped in  a  structure  of  greater  magnitude  are  in  a  great  degree 

lessened ;  and,  as  was  pointed  out  before,  it  is  in  this  great  middle 
class  of  structures  that  failures  mostly  occur. 

Third.  That  the  work  will  be  seriously  delayed  by  inspection, 
owing  to  the  time  required  for  the  duties  of  the  inspector.  As  a 
matter  of  fact,  material  that  is  being  manipulated  rightly,   with 
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good  workmanship  in  every  way,  is  not  delayed  in  the  least  by  the 

checking-  and  examination  the  inspector  gives  it.  Complaints  of 
delay  are  often  made  by  a  shop  against  an  inspector,  but  as  a  rule 

it  is  due  primarily  to  faulty  workmanship,  which  the  inspector  has 
not  allowed  to  pass  without  correction;  these  delays  are  naturally 
aggravating  to  the  shop,  especially  when  a  time  limit  is  set  on  the 
completion  of  the  work,  but  the  fault  is  not  with  the  inspector ; 
delays  are  not  to  Jiis  liking;  as  the  price  for  inspection  is  paid  by 
the  ton,  the  quicker  the  job  is  completed  the  greater  will  be  his 

profit. 
Fourth.  That  the  work  of  inspection  is  not  effective  because 

often  carelessly  done,  and  the  price  paid  for  it  is  thrown  away. 
Unfortunately,  this  has  been  but  too  true  in  the  past :  inspectors  did 

their  work  carelessly,  many  mistakes  were  overlooked  and  inspec- 
tion was  in  many  cases  more  of  a  farce  than  a  benefit ;  and  to-day 

many  jobs  of  inspection  are  taken  and  performed  in  a  similar  way, 
for  they  are  taken  at  a  figure  so  absurdly  low  that  the  inspector 
can  afford  to  give  them  only  the  most  meager  attention  ;  the  work  is 
handled  so  as  not  to  lose  money  on  a  contract,  regardless  of  the 

employer's  interests.  Tales  of  carloads  of  material  that  have  been 
shipped  and  never  seen  by  the  inspector  are  not  very  convincing 
as  to  the  value  of  inspection,  but  an  engineer  should  be  just  as 
careful  in  the  choice  of  his  inspectors  as  he  is  to  see  that  his  work 
is  inspected.  There  are  a  few  bureaus  wdiich  are  striving  for  the 

improvement  of  inspection  service  by  means  of  establishing  a  care- 
ful system  for  the  thorough  handling  of  the  work  and  employment 

of  only  reliable  men ;  and  such  bureaus  can,  and  do,  give  the  quality 
of  work  that  renders  inspection  valuable.  Their  greatest  difficulty 
is  to  secure  the  work,  in  competition  with  the  smaller  inspectors, 

who  agree  to  take  the  same  work  at  a  ridiculously  low  price,  with- 
out any  idea  of  doing  it  properly ;  and  here  architects  and  engineers 

are  to  blame  when  they  do  not  distinguish  between  qualities  of 
inspection,  and  too  often  let  the  work  to  the  firm  that  will  do  it 
at  the  lowest  figure,  regardless  of  their  facilities  or  reputation ; 

these  are  the  engineers  and  architects  who  cry  so  loudly  at  the  in- 

efficiency of  inspection.  The  old  rule  that  "what  a  man  pays  for, 
that  he  will  get,"  is  quite  universal  in  its  application,  and  is  no 
exception  when  it  comes  to  inspection.  If  good  inspection  is  de- 

sired, then  good  inspection  must  be  paid  for,  and  it  is  only  good 
inspection  that  is  valuable. 

Fifth.  That  the  price  of  inspection  is  too  high.  As  to  the 
price  at  which  good  inspection  can  be  done,  the  following  may  be 
said:     About  six  years  ago  one  of  the  most  experienced  bridge 
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engineers  of  this  country,  Mr.  J.  A.  L.  Waddell,  submitted  to  sev- 
eral inspection  bureaus  a  set  of  instructions  to  inspectors  at  mills 

and  shops  in  which  was  incorporated  his  own  idea  of  what  thorough 

inspection  should  consist,  with  a  request  for  bids  on  the  inspection 

of  a  large  order  of  structural  steel  under  these  rules  and  with  his 

specifications.  The  bids  received  varied  from  $i  to  $1.25  per  ton 

of  2000  pounds,  and  Mr.  Waddell  found,  in  subsequent  experience, 

that  the  inspection  he  called  for  was  worth  $1  per  ton  for  large 

orders  and  slightly  more  for  smaller  ones,  where  greater  expense 

in  proportion  to  the  output  of  the  shop  was  entailed;  however,  it 

is  very  seldom  that  such  a  price  is  paid  m  this  country  for  inspec- 

tion. One  acquainted  with  this  particular  set  of  bridge  specifica- 

tions knows  it  is  one  of  the  most  thoroughly  rigid  sets  of  specifica- 
tions under  which  bridge  work  is  done,  and  of  all  of  the  prices  at 

which  inspection  in  mill  and  shop  is  taken,  varying  from  35  cents 

to  $1  per  ton,  whether  taken  under  specifications  as  rigid  as  these 

or  less,  the  quality  of  the  work  performed  will  be  according  to  the 

price  paid. 

At  times,  and  under  specially  favorable  conditions  as  regards 

the  location  of  a  bureau's  employees,  it  can  be  done  for  less 
than  $1  a  ton.  On  small  jobs  it  may  be  more,  but  there  is,  in 

general,  a  chance  for  the  inspector  to  make  a  fair  living  at  that 

average  price.  In  consideration  of  what  engineers  and  architects 

receive  for  their  services,  is  from  i-J  to  2  per  cent,  too  high  a  price 
to  pay  for  inspection  of  a  structure  in  shop,  mill  and  field?  Is  it 

too  high  a  rate  of  premium  to  pay  for  security?  The  question, 

Does  inspection  pay?  then  is  answered:  whether  you  want  good 

inspection  at  a  cheap  price  or  are  satisfied  with  poor  inspection  at 

a  cheap  price,  the  latter  is  what  you  will  get.  On  the  other  hand, 

if  you  are  willing  to  pay  a  reasonable  price  you  can  get  good  in- 
spection, and  only  good  inspection  pays.  The  most  experienced 

architects  and  engineers  already  realize  that  only  first-class  inspec- 

tion is  valuable.  They  are  taking  pains  to  see  that  only  first-class 
men  are  employed  at  a  fair  price.  Inspection  bureaus  who  enjoy 

the  patronage  of  such  men  are  doing  all  their  work  the  best  they 

know  how,  and  are  fondly  hoping  for  the  dawn  of  the  day  when 

the  general  public  will  recognize  the  value  of  the  efficient  service 
so  rendered. 

Much  of  the  success  or  failure  of  inspection  depends  on  the 

individual  ability  and  character  of  the  inspector.  Good  inspectors 

are  not  easy  to  find,  and,  when  found,  they  are  worth  more  than 

the  cheap  bureaus  can  afford  to  pay  them.  A  successful  inspector 

must  have  a  rare  combination  of  good  qualities.     He  must  be  a 
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practical  man,  with  long  training  in  mills  and  shops.  He  must 

thoroughly  understand  all  the  details  of  the  various  processes  em- 
ployed and  what  are  the  various  faults  that  are  liable  to  result  from 

each  process.  He  must  so  well  understand  these  faults  as  to  be 
able  to  detect  them  at  once,  and  he  must  be  so  well  informed  as 

to  know  how  best  to  correct  them  in  the  most  practical  manner, 
and  when  correction  is  not  possible.  But  experience  in  mill  and 
shop  practice  alone  will  not  suffice ;  he  must  also  understand 

enough  of  structural  engineering  to  recognize  the  relative  advan- 
tages of  different  details  and  designs ;  he  must  be  able  to  figure  out 

the  strength  of  the  variotis  connections  and  parts,  and  have  accu- 
rate judgment  to  determine  just  what  effect  a  loose  rivet  here  or 

a  bad  fit  there  may  have  in  the  resulting  structure ;  he  must,  withal, 
be  a  good  deal  of  a  diplomat.  The  inspector  who  cannot  deal  with 
each  mill  and  shop  foreman  in  the  way  to  best  command  his  respect 

and  secure  his  co-operation  will  never  make  a  success. 

The  inspector's  life  is  not  all  sunshine ;  he  has  many  a  dis- 
agreeable duty,  and,  unless  he  has  the  necessary  judgment  and 

diplomacy,  there  will  be  much  friction  between  him  and  the  men 
in  charge  of  the  mills  and  shops  where  his  work  is  located.  But 
a  good,  sensible  man,  with  the  qualities  of  a  good  inspector,  will 
gain  his  points  without  engendering  bad  feeling;  will  get  over  the 
rough  places  tactfully,  and  do  his  work  quietly  and  unostentatiously, 
but  effectively.  Some  day  the  public  will  appreciate  how  important 
his  work  is,  and  then  the  inspector  and  the  inspection  business  will 
receive  the  respect  it  deserves. 
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Ix  1899  the  Argentine  Government,  having  conceived  an  ex- 
tensive project  of  river  and  harbor  improvement,  and  made  the 

preliminary  surveys,  requested  the  United  States  Government  to 

recommend  an  engineer  who  would  come  to  Argentine  and  assist 

the  Government  by  his  advice  in  forming  and  executing  the  plans. 

I  had  the  honor  of  being  selected  for  this  position.  After 

carrying  out  a  two  years'  contract  with  that  Government,  I  have 
returned  to  my  own  country  w'ith  some  knowledge  of  the  conditions 
and  some  experience  in  meeting  them.  These  form  the  basis  of 
this  lecture. 

At  the  final  general  session  of  the  International  Navigation 

Congress  at  Diisseldorf,  July  4th,  this  last  year,  when  called  upon 

to  respond  for  the  Argentine  Republic,  I  used  the  following  words : 

"It  may  not  be  out  of  place  to  make  a  few  comparisons  be- 
tween the  two  countries  which,  by  a  singular  coincidence,  I  have  the 

honor  to  represent — one  as  a  delegate  to  this  Congress ;  the  other 
as  a  member  of  the  Permanent  International  Commission.  One 

of  these  countries  is  the  Argentine  Republic  and  the  other  the 
United  States  of  North  America. 

"Both  are  cosmopolitan ;  both  have  been  populated  largely 
from  Europe ;  both  had  the  task  of  supplanting  savagery  by  civili- 

zation. The  red  races  in  each  case  had  to  give  way  to  the  Cauca- 

sian, or  be  assimilated  with  it.     Both  have  great  plains  and  im- 

*  Manuscript  received  March  14,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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mense  river  systems.  The  greatest  river  valley  of  the  one  is  almost 
exactly  equal  to  that  of  the  other.  Similar  causes  have  produced 
nearly  similar  hydraulic  conditions  in  each  case.  Both  countries 
have  temperate  climates;  both,  great  mountain  ranges;  both,  some 

extent  of  arid  lands  and  running  waters  for  irrigation ;  both,  nu- 
mense  areas  of  rich  soils,  made  so  by  similar  beneficent  causes ; 
both  have  extensive  pasture  lands  and  millions  of  cattle,  sheep  and 
horses.  In  their  cereals  they  are  competitors  with  each  other  in 

the  food  markets  of  Europe — one  is  great  and  ambitious,  the  other 
smaller  but  earnestly  devoted  to  progress  and  ambitious  to  fulfill 

its  high  destiny  among  the  nations  of  the  earth." 
By  comparisons  of  the  unknown  with  the  known  we  appreciate 

and  learn,  and  for  that  reason  I  shall  compare  Argentine  with  the 
United  States  in  respect  to  some  of  its  more  important  features, 

and  you  will  see  that  the  two  great  countries  have  much  in  common. 

You  must,  if  possible,  imagine  yourselves  in  a  situation  ex- 
actly opposite  from  yours  in  the  United  States  in  regard  to  the 

sun  and  the  poles  of  the  earth;  you  must  look  north  for  warm 
winds  and  south  for  cold  ones.  Your  winter  will  begin  in  June  and 
your  summer  in  December.  The  north  side  of  your  house  will  be 
sunny  and  the  south  side  in  the  shade.  As  you  travel  north  from 
Buenos  Aires,  the  capital,  it  will  grow  warmer ;  as  you  go  south 
you  will  at  last  reach  the  glaciers.  Your  north  star  will  be  changed 
to  the  Southern  Cross,  and  in  all  these  changes  you  will  at  first  be 
lost.  You  must  also  locate  yourself  geographically,  and  recollect 
that  the  northern  line  of  Argentine  is  in  about  the  same  latitude 
south  of  the  equator  as  Havana  is  north  of  it,  and  that  the  southern 
limit  of  Argentine  corresponds  to  Labrador  and  Kamchatka,  and 
that  Buenos  Aires,  Capetown  and  Melbourne  are  all  in  about  the 
same  latitude ;  also,  that  there  are  east  and  west  differences. 
Buenos  Aires  is  in  about  the  same  longitude  as  Cape  Breton  Island, 

east  of  Nova  Scotia,  and  the  circle  of  longitude  along  the  most 
westerly  boundary  of  Argentine  nearly  passes  through  Boston ;  and 
the  course  from  the  entrance  of  the  River  Plata  to  Liverpool  is 
nearly  a  straight  line.  In  order  that  the  location  of  Argentine  in 
reference  to  other  South  American  countries  may  be  appreciated, 

it  should  be  stated  that  Buenos  Aires  is  as  far  south  of,  say,  Cara- 
cas, the  present  center  of  revolutionary  and  unstable  South  Amer- 
ica, as  the  north  end  of  Lake  Winnipeg,  in  Manitoba,  is  north  of 

Caracas,  or  as  far  as  the  northern  part  of  Greenland  is  north  of 
New  Orleans. 

With  this  orientation  of  ourselves  on  the  western  hemisphere, 
and  with  these  remarkable  differences  in  position,  let  me  call  your 
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attention  to  a  very  remarkable  similarity  wherein  will  be  seen  and 
appreciated  the  beneficent  work  of  the  Great  Creator  long  before 
at  least  the  present  race  of  mankind  inhabited  the  two  continents. 

In  a  paper  read  before  the  American  Association  for  the  Ad- 
vancement of  Science,  at  Buffalo,  August  5,  1896,  upon  the  delta 

of  the  ̂ lississippi,  I  described  the  ancient  conditions  of  that  great 
river  in  substance  as  follows : 

First,  a  deep  shore  line  of  the  Gulf  of  Mexico,  when  the  site 
of  Galveston  was  far  out  in  the  waters  and  the  coast  was  100  miles 

inland  from  the  site  of  New"  Orelans — a  wide  and  deep  estuary 
1000  miles  long,  reaching  into  the  heart  of  the  continent  to  between 
St.  Louis  and  Cairo,  where,  at  Cape  Giradeau,  it  met  the  ridge  of 
the  Ozark  ̂ Mountains,  stretching  across  the  valley  and  holding  back 
the  ancient  great  lake,  which  covered  Chicago  200  feet  deep  and 
spread  over  all  the  great  prairie  States  and  received  and  distributed 
over  its  bed  the  immense  sediments  of  the  Missouri  and  other  great 
rivers  in  the  Xorth.  Then  came  the  cyclic  change,  lifting  Florida 
out  of  the  water  and  turning  continental  drainage  north,  cutting 

its  way  through  the  alluvion  to  Hudson  Bay.  Then  the  breaking 
down  of  the  Ozark  barrier ;  the  draining  of  the  submerged  area ; 
the  subsequent  filling  of  the  estuary  and  the  advance  of  the  alluvial 
lands  into  the  gulf  to  their  present  line,  no  miles  beyond  New 

Orleans.  A  great  and  wonderful  beneficence  for  the  use  and  con- 
venience of  man  by  the  Great  Architect  of  the  Universe. 

Had  not  my  engineering  experience  upon  the  Mississippi 

River  and  its  delta  drawn  my  attention  to  this  extremely  interest- 
ing ancient  history  of  the  great  river  of  North  America,  I  might 

not  have  been  so  deeply  impressed  by  its  remarkable  similarity 
with  that  of  the  Parana  River  in  South  America ;  and  for  both 

histories  I  am  indebted  to  engineering  investigators — General  War- 
ren, in  the  first  instance,  and  Colonel  George  Earl  Church,  an  Amer- 
ican engineer  living  in  London,  in  the  second  instance,  the  latter 

probably  better  acquainted  by  personal  contact  with  the  geography 
and  hydraulics  of  South  America  than  any  other  living  man. 

I  am  indebted  to  him  and  the  Royal  Geographical  Society,  of 
which  he  is  a  director  and  correspondent,  for  most  of  what  follows 
in  relation  to  this  ancient  history  of  the  great  rivers  of  Argentine 
and  Central  South  America. 

There  are  four  great  breaks  in  the  mountain-fringed  continent 
which  we  call  its  great  commercial  doorways :  the  Orinoco,  the 

Amazon,  the  La  Plata  and  the  deep  indentation  of  Bahia  Blanca — 
one  in  Venezuela,  one  in  Brazil  and  two  in  Argentine.  The  three 

river  basins  occupy  two-thirds  of  the  entire  area  of  South  America. 
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The  two  with  which  we  are  most  interested  in  this  lecture  are 

the  La  Plata  and  Amazon,  which  have  areas,  respectively,  of  about 

1,2^0,000  and  2,722,000  square  miles.  But  if  we  deduct  from  the 

latter  the  valley  of  the  Tocantins,  which  has  no  direct  connection 

with  it,  the  valley  of  the  Amazon  is  2,368,000  square  miles ;  its 

principal  branch,  the  Madeira,  has  a  volume  of  discharge  nearly 

equal  to  the  Amazon  itself,  and  at  the  falls,  which  I  shall  refer  to 

later,  it  carries  annually  a  volume  equal  to  that  of  the  La  Plata, 

which  has  a  minimum  flow  of  about  534,000  cubic  feet  per  second 

and  a  maximum  of  over  2,000,000 — a  river  80  per  cent,  larger  than 

the  Mississippi,  "the  Father  of  Waters,"  if  we  compare  their  mean 
annual  discharges,  the  former  being  about  288  cubic  miles  and  the 

latter  156  cubic  miles.  The  Parana  ("the  mother  of  the  sea"  in 
Indian  language),  the  principal  affluent  of  the  La  Plata,  is  itself 

46  per  cent,  larger  than  the  Mississippi,  its  mean  annual  discharge 

being  about  230  cubic  miles. 
What  a  river  the  La  Plata  must  have  been  in  ancient  times, 

when  it  had  a  maximum  discharge  of  4,000,000  cubic  feet  per 

second,  well  up  toward  the  modern  Amazon,  estimated  to  be  5,297,- 
000,  and  greater  than  the  ancient  Amazon ! 

I  have  described  the  ancient  conditions  of  the  Mississippi — • 

the  Gulf  of  Mexico  as  a  great  estuary  and  a  deep  shore  line  extend- 
ing well  into  the  heart  of  the  North  American  Continent.  The 

same  conditions  existed  in  the  contour  line  of  South  America  in 

the  La  Plata  estuary.  It  extended  1400  miles  into  the  Continent, 

and  was  400  miles  wide — ^eleven  times  greater  than  the  Empire 

State.  It  was  the  great  "Pampean  Sea,"  receiving  the  drainage  not 
only  of  the  present  Parana'  and  its  tributaries,  but  of  the  great 
Madeira  River,  with  its  immense  discharge  of  waters  and  sedi- 

mentary matters — the  source  of  great  alluvial  formations,  discharg- 

ing into  a  sea  two-thirds  the  size  of  the  Mediterranean. 
When,  in  the  processes  of  nature,  the  great  underwater  plains 

of  rich  soil  had  been  formed  during  the  comparatively  short  period 

of  less  than  100,000  years,  a  dam  was  thrown  across  the  Madeira 

by  the  Rivers  Grande  and  the  Parapiti  coming  down  from  the 

Andes,  and  a  deposit  more  than  170  feet  deep  occurred,  forming 

this  dam,  which  produced  the  ancient  Lake  Mojos,  with  an  area 

of  about  115,000  square  miles,  larger  than  that  of  the  Great  Lakes 

of  North  America  combined,  which  is  less  than  94,000  square  miles. 

During  this  process  the  ancient  lake  and  the  Pampean  Sea 
were  connected,  and  their  relation  was  similar  to  that  of  the  Black 

Sea  and  the  Mediterranean.  Traces  of  it  are  still  observable, 

notably  the  great,  low,  flooded  morass  of  Xarayas,  on  the  upper 
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Parag-uay  River,  and  the  ancient  delta  of  the  Parana,  including  the 
Ybara  lagoon.  The  Salina  Grande  was  also  an  arm  of  it — a  great 
inland  tiord.  The  sea,  moreover,  must  have  covered  large  areas 

of  Paraguay,  Corrientes,  Entre  Rios  and  Uruguay,  and,  before  the 

uplifting  of  the  country,  it  extended  southwest  to  the  rivers  Chadi- 
Leofu  and  the  Colorado,  lapping  around  the  southern  slope  of  the 

A'entana  range,  until  the  curved  rim,  concave  to  the  northeast, 
which  connects  this  with  the  Sierra  de  Cordova,  was  sufficiently 
elevated  to  completely  cut  off  its  southwestern  extension. 

This  range  was  high  enough  to  lodge  the  glacial  rocks  coming 
from  the  Andes,  one  of  which  at  Tandil  is  so  poised  and  delicately 
balanced  that  the  hand  can  rock  it.  but  it  cannot  be  dislodged.  This 
range  later  prevented  the  entrance  of  the  destructive  sea,  protecting 
the  great  area  from  its  waves. 

Then  came  another  factor  into  the  beneficent  problem  of  the 
Creator.  Instead  of  draining  the  waters  from  the  great  deposits 
under  the  Pampean  Sea,  as  He  did  in  North  America,  He  lifted 
the  Andes  higher,  and  with  them  their  Atlantic  slopes,  until  the 
latter  were  ultimately  lifted  to  their  present  level,  forming  the 

"plains  of  the  pampas."  the  soil  of  which  is  50  feet  deep  and  of 
surpassing  richness — an  area  of  600,000  square  miles,  one-fifth  the 
size  of  the  United  States  and  five  times  that  of  Great  Britain. 

Thus  by  cyclic  changes  in  the  northern  hemisphere,  and  by  fluvial 

and  sedimentary  action  and  seismic  changes  in  the  southern  hemi- 
sphere, have  been  formed  the  great  interior  agricultural  regions  of 

the  United  States  and  Argentina. 
In  order  to  give  an  idea  of  the  size  of  the  Parana  River,  it 

may  be  stated  that  its  annual  flow  is  double  that  of  the  Ganges, 
three  times  that  of  the  St.  Lawrence,  four  times  that  of  the 
Danube  and  five  times  that  of  the  Nile.  We  have  records  of  608 

cubic  miles  in  one  year. 

There  are  differing  conditions  of  importance  between  the 
Parana  and  the  Mississippi,  explaining  the  causes  of  the  greater 
discharge  of  the  Parana.  While  they  both  flow  south,  one  flows 
from  colder  to  warmer  and  the  other  from  warmer  to  colder 

regions ;  and  it  is  in  the  warmer  regions  in  both  cases  that  the 
rainfall  is  the  greater.  On  the  Mississippi,  in  the  northern  regions, 
where  we  find  the  greatest  drainage  area,  the  rainfall  is  about  35 

inches  per  annum ;  in  the  southern,  where  the  area  is  less,  the  rain- 
fall is  60  inches  per  annum.  With  the  Parana  there  is  a  rainfall 

of  about  60  inches  in  the  northern  part,  where  the  drainage  area 
is  greater,  and  about  40  inches  in  the  southern  part,  where  it  is  less. 

The  length  of  the  Parana  River  is  about  3000  miles  ;  its  naviga- 
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ble  length,  between  Cuyaba  in  the  north  and  the  mouth  of  the 
Parana  in  the  delta  of  the  La  Plata,  is  1825  miles.  The  Uruguay 
River,  from  San  Javier  to  the  delta  of  the  La  Plata,  has  a  navigable 
length  of  603  miles.  The  Parana  River  is  made  up  of  the  two 

important  rivers  which  unite  at  the  city  of  Corrientes — the  Para- 
guay and  the  Alto  Parana.  The  length  of  the  latter  above  Cor- 

rientes, to  the  falls  of  the  Yguazu,  is  365  miles,  and  it  is  navigable 
nearly  to  that  point.  These  wondrous  falls  excel  in  beauty,  as  well 
as  exceed  in  dimensions,  the  Niagara  Falls. 

The  latter  are  160  feet  high,  as  a  maximum,  and  f  of  a  mile 

long,  including  Goat  Island.  The  Yguazu  are  213  feet  high  in  one 
leap  and  106  feet  in  two  leaps,  and  2^  miles  long,  with,  at  times, 
an  immense  volume  of  water. 

The  view  before  you  is  from  a  painting  by  a  well-known  Bern 
painter,  Mr.  Methfessel,  who  was  engaged  to  come  to  Argentine, 
visit  the  falls  and  make  a  large  painting  for  the  La  Plata  Museum. 

The  gorgeous  and  varicolored  foliage  of  the  luxuriant  sub- 
tropical vegetation,  which  abounds  on  all  sides,  adds  a  charm  to 

the  falls.  They  rank  among  the  most  beautiful  and  wonderful 
works  of  the  Creator. 

The  Uruguay  is  an  entirely  different  river,  in  every  respect, 
from  the  Parana.  It  is,  at  times,  a  mighty  river,  rivaling  the 
Parana;  at  others  it  sinks  into  comparative  insignificance.  The 
Parana  is  a  great  river  at  all  times. 

The  Parana  is  a  type  of  a  truly  great  river;  the  Uruguay 
represents  a  mighty  torrent  of  extraordinary  dimensions. 

The  Uruguay  rises  near  the  Atlantic  seaboard  in  Brazil,  in 
the  Sierra  del  Mar,  then  runs  west  to  the  highland  of  the  Territory 
of  Misiones.  These  highlands  prevent  it  from  uniting  with  the 

Alto  Parana  River  at  that  point,  which  is  only  about  68  miles  dis- 
tant. Along  600  miles  of  its  course  from  San  Javier  to  Concordia 

the  bed  of  the  river  is  filled  with  rocky  ridges,  which,  at  low  water, 
prevent  continuous  navigation,  but  during  the  floods,  which  are 
quite  sudden  but  not  long  continued,  the  river  is  everywhere 
navigable.  The  river  rises,  in  floods,  at  Concordia  about  46  feet. 

Compared  with  the  Parana,  it  is  a  clear  stream,  carrying  very  little 
sediment  in  suspension.  The  Parana  is  an  entirely  different  river. 
Its  source  being  in  the  tropical  and  rainy  region  of  Brazil,  on  the 
flanks  of  the  Andes,  its  floods  are  much  longer  continued.  At  the 
confluence  of  the  Parana  and  the  Alto  Parana  at  Corrientes,  the 

rise  of  the  floods  is  about  33  feet ;  at  Rosario,  225  miles  above 
Buenos  Aires,  it  is  from  19.7  to  23  feet  or  2t,^  feet  in  extreme 

floods.    When  these  occur,  the  river  is  about  23  miles  wide,  cover- 



ARGEXTIXE:     PAST.  PRESEXT,  FUTURE.  155 

ing  the  entire  country  with  a  depth  of  6  to  10  feet,  and  extending 
to  the  highlands  of  the  Province  of  Entre  Rios. 

The  physical  characteristics  of  the  bed  of  the  river  are,  conse- 
quently, entirely  different  from  those  of  the  Uruguay ;  the  bed  of 

the  latter  is  stable,  that  of  the  former  very  unstable.  The  sedi- 
mentary matters  carried  in  suspension,  however,  are  very  much 

less  than  those  of  the  Alississippi ;  probably  only  one-tenth  of  the 
amount  carried  in  the  ̂ lississippi  in  times  of  flood.  For  this 
reason  the  changes  in  the  bed  and  banks  are  less  radical;  the  most 

noticeable  change  is  the  movement  of  the  islands  and  bars  down 
stream.  For  example,  the  island  of  Espinillo,  in  front  of  the  city 
of  Rosario,  lying  in  the  middle  of  the  river  and  about  2^  miles  long, 

has  moved,  flanking,  down  stream  about  2-^  miles  in  the  last  50 
years,  and  by  this  movement  the  advancing  bar  of  the  island  has 
approached  the  river  bank  in  front  of  Rosario  and  closed  up  the 
navigation  channel. 

The  maximum  velocity  in  great  floods  often  reaches  6J  feet 
per  second,  although  usually  it  is  much  less,  equal  to  that  of  the 
lower  Mississippi. 

Both  rivers  are  susceptible  of  improvement  by  dredging,  the 
one  to  Asuncion,  which  is  842  miles  above  the  mouth,  and  the 

second  to  Concordia,  which  is  230  miles  above  its  mouth.  In  the 
Parana  there  is  nothing  but  sand  to  be  removed  throughout  its 

entire  length ;  in  the  Urugua}-  there  are  several  places  where  it 
is  necessary  to  remove  rock  and  gravel.  But,  generally,  the  chan- 

nel can  be  deepened  by  hydraulic,  or  suction,  dredging. 
The  National  Government  is  under  obligation,  by  the  law 

passed  by  Congress  for  building  the  port  of  Rosario,  to  make  and 
maintain  a  depth  of  21  feet  at  low  water  in  the  Parana  River  from 
the  head  of  the  delta  to  Rosario,  and  in  the  delta  of  the  La  Plata 

to  Buenos  Aires  a  depth  of  19  feet  at  low  water,  which  is  about 

21  feet  at  mean  high  tide.  It  has  been  proposed  to  make  and  main- 
tain a  channel  of  the  following  dimensions :  From  the  mouth  of 

the  two  rivers,  at  the  island  of  'Slirhn  Garcia,  at  the  head  of  the 
La  Plata  estuary,  to  Rosario,  a  depth  of  21  feet  and  a  width  of  328 
feet;  Rosario  to  Santa  Fe,  292  miles  above  Martin  Garcia,  19  feet 
deep  and  328  feet  wide ;  Santa  Fe  to  Corrientes,  10  feet  deep,  and 
the  same  depth  to  Asuncion.  Santa  Fe,  or  its  seaport  Colastine, 

is  the  head  of  ocean  navigation ;  above  that  point  it  is  river  naviga- 
tion by  steamboats. 

On  the  Uruguay  River  it  is  proposed  to  make  a  channel  19  feet 
deep  and  328  feet  wide,  from  Martin  Garcia  to  Conception  del 
Uruguay,  137  miles  above  !\Iartin  Garcia,  and  thence  15  feet  deep 
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to  Colon,  and  9  feet  deep  and  8  feet  over  the  rock  to  Concordia, 

which  is  230  miles  above  Martin  Garcia. 

The  low-water  plane,  or  zero,  in  both  rivers  is  that  of  extraor- 
dinary low  water,  so  that,  generally,  the  low  water  does  not  reach 

this  plane  within  about  half  a  meter  to  one  meter.  Consequently, 

there  can  generally  be  depended  upon  from  2  to  3  feet  more  water 
than  I  have  stated.  Between  Rosario  and  Buenos  Aires  there  are 

now  no  bars  over  which  there  is  not  21  feet  of  water  at  zero, 

although  two  of  them  need  to  be  dredged  and  buoyed  in  order  to 

make  a  straighter  channel.    This  the  Government  is  prepared  to  do. 

As  to  the  port  of  Rosario,  a  contract  has  recently  been  made, 

under  the  law  of  Congress,  to  make  a  modern  seaport  at  this  point, 

with  all  the  latest  and  best  facilities  for  handling  cargo.  The  com- 
merce of  Rosario  is  at  present  1,500,000  freight  tons  per  annum.  It 

is  a  very  important  exporting  point  for  cereals,  and  when  the  port  is 

completed  according  to  the  plans  adopted,  it  is  expected  to  be  an 

important  importing  port  as  well.  There  are  ports  below  Rosario, 

such  as  Villa  Constitucion,  San  Nicolas  and  San  Pedro,  and  above 

Rosario,  Diamante,  Santa  Fe,  Colastine  and  Parana.  On  the 

Uruguay  River,  Concordia,  at  the  head  of  steamboat  navigation, 

is  an  important  importing  and  exporting  port  for  that  section  of 

the  country.  Its  registered  tonnage  is  about  500,000  tons,  and  the 

actual  weight  tonnage  about  100,000  tons. 

The  country  between  the  Parana  and  Uruguay  Rivers  is  prac- 
tically isolated  from  the  rest  of  the  country,  and  its  situation  is 

very  similar  to  the  country  lying  between  the  Euphrates  and  the 

Tigris ;  for  that  reason  it  has  been  called  the  ''Mesopotamia  Argen- 

tina." 
There  are  at  present  in  this  area  three  railroad  systems — the 

Argentine  Northeastern,  which  runs  from  Corrientes,  on  the 

Parana,  to  Monte 'Caseros,  on  the  Uruguay,  and  from  there  to 
Santo  Tome,  on  the  same  river ;  the  Argentine  Eastern,  from  Monte 

Caseros  to  Concordia,  and  the  Entre  Rios  Railroads,  the  main  line 

of  which  connects  Parana  aiid  Conception  del  Uruguay,  with 

branches  to  Victoria,  Gualeguay,  Gualeguaychu  and  Villaguay. 

Within  a  few  months  a  connecting  line  will  be  completed  to  Con- 
cordia, forming  a  link  between  the  Argentine  Eastern  and  the  Entre 

Rios  systems.  It  has  been  proposed  to  unite  these  three  systems 

and  to  extend  the  Argentine  Northeastern  from  Santo  Tome  to 

Posadas,  on  the  Alto  Parana,  passing  through  the  colonies  which 

the  Government  is  establishing  in  that  Territory.  Posadas  is  its 

capital.  The  Central  Paraguay  Railroad,  which  runs  in  a  south- 
easterly direction  from  Asuncion,  it  is  proposed  to  extend  to  Villa 
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Parana  River  from  Grain  Elevator  at  Rosario. 
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Encarnacion.  a  small  town  on  the  opposite  side  of  the  river  from 

Posadas ;  to  change  the  gauge,  which  is  5-I  feet,  to  the  normal  gauge 
of  the  other  three  railroads,,  which  is  4  feet  8^  inches ;  /nake  a 
transfer  by  car  tioat  at  Posadas ;  extend  the  Entre  Rios  Railroads 
to  a  port  of  deep  water,  either  on  the  Parana  or  Uruguay,  and  do 

a  "through"  business  between  Asuncion  and  this  new  seaport, 
which  will  be  only  a  few  hours  distant  from  Buenos  Aires. 

\Mtli  the  Parana  River  improved  to  Asuncion  and  the  Uru- 
guay improved  to  Concordia ;  with  the  railway  systems  united  and 

extended  to  a  good  seaport,  this  great  interior  district  of  the  country 
will  have  an  ideal  system  of  transportation,  and  the  shipper  may 
take  his  choice,  to  ship  by  rail  or  by  water,  thus  establishing  a  very 
useful  and  reasonable  competition  between  water  and  railway,  to 
the  great  advantage  of  the  people. 

In  reference  to  the  Rio  de  la  Plata  itself,  it  is  an  immense  shoal 

estuary.  It  is  the  depositing  ground  of  the  great  Parana  River. 
This  estuary,  in  a  not  very  remote  period,  extended  above  Santa 

Fe ;  this  is  shown  by  the  comparison  of  old  maps,  of  which  92 

have  been  collected  and  copied  and  placed  in  the  li'brary  of  the 
jNIinistry  of  Public  Works.  These  maps  date  from  the  year  1529 

to  1885.  Even  in  this  comparatively  short  period,  remarkable 

changes  are  shown  in  the  delta  of  the  Parana,  which  is  now  a  true 
delta,  almost  exactly  in  the  form  of  the  Greek  letter  a  .  It  is  40 
miles  across  its  face ;  it  slowly  extends  itself  in  the  head  of  the 
estuary,  and  through  the  delta  nearly  a  dozen  outlets  of  the  Parana 
River  find  their  way.  It  is  very  much  like  the  deltas  of  the  Danube, 
Ganges  and  Mississippi. 

The  superficial  extension  of  the  Rio  de  la  Plata  exceeds  18,000 
square  miles;  it  is  about  186  miles  long,  and  varies  in  width  from 
186  miles  at  the  ocean,  between  Capes  San  Antonio  and  Santa 
Maria,  to  1.12  miles  at  the  extreme  point  of  the  head  of  the  estuary, 
at  Punta  Gorda. 

To  understand  the  physical  conditions  of  the  estuary,  it  is 
necessary  to  divide  the  Rio  de  la  Plata  into  superior  and  inferior, 
or  upper  and  lower.  The  Rio  de  la  Plata  superior  lies  above  a  line 
extending  between  La  Plata  and  Colonia,  the  inferior  below  that 
line  to  the  sea.  Over  a  distance  of  about  25  to  30  miles  between 
Martin  Garcia  and  the  anchorage  of  Buenos  Aires  there  is  a  normal 
depth  through  the  best  channels  of  from  16  to  20  feet  at  low  water. 

The  National  Government  has  recently  completed  the  dredg- 
ing over  the  San  Pedro  bar  lying  in  this  region,  increasing  the  depth 

of  i8i  feet  to  21  feet,  where  there  was  formerly  only  15  feet.  In 
the  Canal  de  las  Limetas,  or  Nuevo  Canal,  by  natural  forces  and 
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by  the  constant  movement  of  steamers,  there  has  been  obtained  a 

depth  of  about  19!^  feet,  or  21-^-  feet  at  mean  high  tide.  Opposite 
Farallon,  a  rocky  point  on  the  Uruguay  shore  and  opposite  Buenos 

Aires,  there  is,  along  the  course  of  navigation,  about  19^-  feet  at 
low  water.  The  Government  has  buoyed  with  luminous  buoys  the 
entire  route  from  Buenos  Aires  to  the  mouths  of  the  Parana  River, 

the  Bravo  and  the  Guazii,  and  has  placed  a  floating  semaphore 

below  Martin  Garcia  for  the  benefit  of  navigation,  recording  con- 
stantly by  signals  by  day  and  by  night  the  depth  of  water  in  the 

channel.  It  is  now  proposing  to  connect  this  semaphore  by  a  tele- 
phone cable  with  the  telegraph  cable  of  Martin  Garcia,  so  that 

communication  may  be  established  between  the  ships  lying  at  anchor 

(waiting  for  the  tide,  or  passing  near  the  semaphore)  and  the 

offices  of  the  agents  at  Buenos  Aires  or  Montevideo. 

A  careful  study  of  the  different  conditions  in  the  delta  of  the 

La  Plata  shows  that  the  only  method  of  improvement  in  such  a 

vast  expanse  of  water  is  by  dredging  and  buoying  the  best  channels. 

In  the  lower  Rio  de  la  Plata  there  are  very  serious  conditions. 

A  bar  on  which  there  is  a  least  depth  of  20  feet  at  low  tide  lies 

between  the  anchorage  of  Buenos  Aires  and  Montevideo ;  the 

material  in  this  bar  is  very  soft  and  vessels  plough  their  way 

through  it  on  ordinary  tides,  but  the  great  extent  of  the  bar  is 

the  serious  condition.  Between  the  24-foot  curves,  straight  through 
this  bar,  there  is  a  distance  of  24  sea  miles.  To  make  a  channel 

by  dredging  would  require  the  removal  of  probably  10,500,000  to 

13,000,000  cubic  yards ;  and  it  is  very  doubtful  if,  on  such  broad  ex- 
tension of  water  and  in  such  soft  material,  a  channel  could  be 

maintained.  But  it  is  hoped  that  the  plan  now  proposed  of  anchor- 
ing five  lightships  in  the  line  of  navigation,  and  in  the  direction  of 

the  current,  and  which  can  be  seen  from  each  other,  will  have  an 

efifect  upon  the  bar  by  the  continued  movement  of  deep  steamers 

through  it.  The  examination  of  the  Rio  de  la  Plata  inferior  has 

been  intrusted  by  the  Government  to  the  Ministry  of  Marine,  which 

is  making  very  extensive  surveys  and  examinations  over  the  en- 
tire area. 

The  estuary  at   this   point  is  46  miles   wide,   and   five  high 

towers  on  shore  and  others  anchored  within  the  area  to  be  sur- 

veyed are  necessary  in  order  to  cover  this  great  Punto  Indio  bank. 

These  are  the  general  physical  conditions  of  the  Rio  de  la  Plata 

and  its  great  tributaries. 

In  addition  to  the  great  drainage  basin  of  the  La  Plata,  there 

are  further  south,  the  large  rivers,  Rio  Negro  and  Colorado,  which, 

combined,  have  a  drainage  area  of  464,000  square  miles.     The 
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channels  are  not  susceptible  of  improvement  for  a  large  commerce, 

but  they  will  in  the  future  furnish  water  for  an  extensive  irriga- 
tion and  steamboat  navigation. 

The  hydraulic  conditions  are  great,  but  the  mountains  are 

greater,  and  have  exerted  a  powerful  influence  on  the  continent,  not 

only  upon  its  climate  and  its  running  waters,  but  upon  mankind.  On 

these  lofty  table-lands  lived  the  Incas  and  flourished  their  great 

empires.  Among  the  clouds  have  fought  for  supremacy  the  Incas' 
troops  and  the  Spanish  soldiers,  and  here,  too,  have  the  struggles 

for  liberty  taken  place ;  here  Bolivar  and  San  Martin  led  their 

troops  to  victory  and  continental  freedom  from  the  domination  of 

Spain. 

An  orthographic  map  of  South  America  will  show  what  im- 
mense areas  are  given  up  to  mountain  ranges  and  lofty  summits. 

In  their  widest  part  the  Andes  are  500  miles  in  breadth.  Some 

mighty  force  seems  to  have  pushed  them  and  the  entire  continental 

line  eastward  and  massed  the  ranges  into  a  complex  system  of 

n:ountains.  towering  isolated  peaks  and  parallel,  transverse  and 

interlaced  ridges  without  number.  In  Bolivia,  not  far  north  of 

the  country  we  are  describing,  there  are  thirty-two  peaks  above 
17,000  feet  high,  some  of  them  reaching  over  21,000  feet;  and  in 

Argentine  is  the  lofty  Aconcagua,  lifting  its  solitary  crown  to  an 

elevation  of  23,080  feet,  rivaling  the  loftiest  mountains  of  the 

world.  And  Famatina,  in  the  Argentine  Province  of  Rioja,  rises 

to  20,680  feet,  and  the  grand  mountain  Tupungato  22,015  f^^t  high. 

Between  Argentine  and  Chili,  between  latitude  23  and  35  de- 
grees, the  mountain  passes,  which  are  from  10,000  to  14,000  feet 

high,  are  blocked  with  snow  from  ̂ lay  to  August,  and  they  are 

swept  by  violent  storms. 

The  height  of  the  passes,  all  the  way  from  7  to  37  degrees 

south  latitude,  Northern  Peru  to  Southern  Argentine,  shows  the 

determination  of  nature  to  oppose  transit  by  man,  piling  up  in  his 

pathway  these  almost  insurmountable  obstacles.  When  it  is  con- 

sidered that  this  immense  barrier  covers  a  sixth  part  of  the  cir- 
cumference of  the  globe,  its  influence  upon  the  development  of  the 

Continent  is  apparent. 

It  is  unnecessary  to  go  into  the  history  of  the  South  American 

Republics.  Their  origin  and  development  are  easily  found  in  any 

good  American  library.  But  it  may  not  be  generally  known  that, 

from  the  first  arrival  of  the  Spanish  adventurers  to  the  successful 

end  of  the  great  struggle  for  liberty  in  South  America,  there  was 

always  dissatisfaction,  unrest  and  hatred  of  the  conquering  race. 

The  seeds  were  sown  in  bloodshed,  in  the  persecution  by  the  In- 
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quisition  and  in  false  commercial  and  governing  methods  of  Spain 
and  Portugal,  the  mother  countries.  The  difiference  between  North 
and  South  America  in  this  respect  was  very  great. 

It  is  a  significant  and  curious  fact  in  the  history  of  South 
America  that,  during  the  entire  eighteenth  century,  the  same  causes 
were  producing  the  same  efifects  among  people  far  separated  from 
each  other  and  of  a  character  entirely  distinct,  scattered  from  the 
banks  of  the  Paraguay  River  to  the  Colombian  Mountains. 

Those  effects  may  have  been  the  precursors  of  that  great  revo- 
lutionary movement  that  created  our  great  Republic  and  drove  the 

Bourbons  from  the  throne  of  France,  and,  later,  shook  to  the  center 
the  monarchical  fabric  of  Spain  herself. 

We  may,  therefore,  say  that  the  struggle  and  the  preparation 
of  the  ground  for  civil  and  religious  liberty  began  earlier  in  South 
America  than  in  North  America.  In  the  British  Colonies  there 

was  no  strong  sentiment  against  foreign  rule  until  the  imposition 
of  the  taxes  required  to  furnish  George  the  Third  with  revenue  to 
pay  off  his  debt  of  148,000,000  pounds  sterling.  Even  Washington, 
in  July,  1775,  when  he  took  command  of  the  Continental  army, 
declared  that  the  idea  of  independence  was  repugnant  to  him. 
Only  later,  and  soon,  when  the  war  was  suddenly  upon  the  Colonies, 
did  events  hasten  and  make  inevitable  the  separation  from  the 
mother  country. 

It  would  be  a  subject  of  great  interest  to  enter  upon — the 
three  great  leaders  and  heroes  of  American  revolutions — 

Washington — Bolivar — San  Martin, 

a  triumvirate  of  liberators. 

Of  the  two  former  you  already  know  much,  possibly  of  the 
latter,  but  you  may  not  know  that  it  was  by  his  patriotism  and 
generalship  that  the  whole  of  Southern  South  America  was  freed 

from  the  yoke  of  Spain — Argentine,  Chili,  Peru  and  Bolivia.  His 
biography  is  a  romance  of  most  absorbing  interest. 

Born  in  1778,  in  Argentine,  in  Japeyu,  he  received  his  early  edu- 
cation in  Buenos  Aires ;  completed  it  in  Spain ;  served  with  distinc- 

tion and  great  bravery  in  the  wars  of  Spain.  Early  he  was  imbued 
with  the  doctrine  of  liberty  for  his  native  country;  spent  a  year  in 

Great  Britain  in  181 1,  forming  associations  and  a  secret  league  de- 
voted to  the  liberation  of  Argentine.  Landed  in  Buenos  Aires  in 

1812  ;  soon  in  command  of  a  regiment  of  Grenadiers  ;  selected  soldier 
by  soldier,  officer  by  officer;  imposed  the  most  rigid  discipline,  so 

forming  a  rudimentary  school  for  a  generation  of  heroes  that  fol- 
lowed him,  and  producing  nineteen  generals  and  nearly  all  the  great 
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men  of  the  struggle  for  independence.  Placed  in  command  of  the 
armv  to  reorganize  it,  he  marched  to  ̂ lendoza,  the  nearest  point  to 
the  Andes,  and,  imbued  with  the  idea  that  no  liberty  would  be  secure 
for  his  country  until  the  Spanish  armies  wert  beaten  and  expelled 
from  Chili,  Peru.  Bolivia  and  the  whole  of  South  America,  he 

formed  his  plans  for  an  invasion  of  Chili.  He  was  the  very  in- 
carnation of  determined  patriotism ;  nothing,  not  even  revolutions 

and  discord  behind  him  in  his  own  country,  could  deter  liim  from 

his  great  work.  At  this  moment  Napoleon  fell,  and  Spain  pre- 
pared an  expedition  of  15,000  men  destined  for  the  Rio  de  la  Plata. 

In  Chili  and  Peru  the  Royalists  were  victorious;  but  in  Argentine 

on  the  9th  day  of  July,  181 6,  at  Tucuman,  the  declaration  of  inde- 
pendence was  proclaimed,  which,  like  our  own,  is  sacred  in  the 

heart  of  every  Argentine. 
In  the  midst  of  these  great  and  momentous  events,  San  Martin 

recruited  and  drilled  and  clothed  and  provisioned  his  little  army 

destined  to  conquer  a  continent,  to  scale  high  mountain  passes  and 
pour  down  upon  an  enemy  largely  outnumbering  his  own.  He 

ostensibly  made  roads  over  certain  passes  and,  w'hen  all  was  ready, 
led  his  army  over  another  and  very  different  pass  and  came  down 
upon  his  foe  and  defeated  him  in  Chacabuco ;  and  again  on  the 

plains  of  ̂ laipu  routing  the  enemy  completely  and  assuring  the 
independence  of  Chili.  Then,  though  anarchy  was  reigning  in 
Argentine  and  his  Government  was  calling  upon  him  to  return, 

his  fixed  and  irresistible  purpose  of  dealing  the  final  blow  to  Span- 
ish authority  in  Peru  pushed  him  forward.  With  a  fleet  hastily 

gotten  together  and  commanr  ed  by  Lord  Cochrane,  and  with  Eng- 
lish and  United  States  officers  in  command  of  the  ships,  he  sailed 

from  \^alparaiso  with  his  troops  up  the  coast  in  December,  18 18. 
He  had  only  4430  men,  Argentines  and  Chilians.  The  Viceroy  of 
Peru  had  23,000  soldiers  awaiting  this  little  army.  On  July  28, 
1821,  as  a  result  of  his  campaign,  the  independence  of  Peru  was 

proclaimed  in  Lima,  and  San  Martin  made  dictator.  In  the  mean- 
time, General  Bolivar,  after  liberating  Venezuela  and  Colombia, 

reached  Quito,  and  his  forces,  united  with  an  Argentine  division, 

routed  the  Spanish  army  in  the  battle  of  Pichincha ;  and  then  he 
hastened  on  tQ  Guayaquil,  anxious  to  finish  by  himself  the  Peruvian 
cam.paign.  Here  let  me  quote  a  paragraph  from  the  history  of 

Argentine  by  the  Hon.  Martin  Garcia  Merou,  the  Argentine  Min- 
ister at  Washington. 

"There  he  went  to  find  San  Martin,  whose  purity  of  character 
and  noble  unselfishness  formed  a  marked  contrast  with  the  im- 

petuous ambitions  of  his  glorious  rival.     The  two  liberators  had 
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a  conference  July  26,  1822,  the  details  of  which  were  kept  secret; 

but  it  is  a  well-known  fact  that  San  Martin  comprehended  that,  in 
order  to  accomplish  South  American  independence  and  avoid  the 

scandal  to  the  world  of  a  break  with  Bolivar,  caused  by  the  latter's 
thirst  for  glory,  it  would  be  best  for  him  to  depart  from  a  scene 

where  his  great  presence  had  no  place." 
The  story  of  self-abnegation  and  the  rest  of  his  life  is  told  in 

a  word.  He  resigned  the  dictatorship  of  Peru;  passed  to  Chili,  to 

Mendoza,  to  Buenos  Aires,  to  Europe,  where  he  resided  four  years 

in  Brussels  on  a  very  modest  pension.  Once  more,  in  1829.  he 

returned  to  the  La  Plata,  stopping  at  Montevideo ;  but,  learning 

that  anarchy  prevailed  in  his  own  country  and  deaf  to  the  entreaties 

of  his  friends  to  come  to  their  help,  he  took  a  steamer  back  to 

Europe,  saying,  "No,  General  San  Martin  will  never  spill  the  blood 
of  his  fellow-citizens ;  he  will  draw  the  sword  only  against;  the 

enemies  of  America."  And,  without  even  seeing  Buenos  Aires, 
he  sailed  for  the  last  time  to  his  voluntary  exile,  dying  suddenly 

August  19,  1850.  He  was  free  from  those  theatrical  qualities 

which  appeal  to  the  multitude.  In  this  great  character  predomi- 

nated those  moral  qualities  which  entitle  San  Martin  to  a  prom- 
inent place  in  South  American  history.  Inflexible  in  the  discharge 

of  duty,  a  rigid  disciplinarian,  everything  was  subordinated  to, the 

high,  mission  to  which  he  had  devoted  himself,  and  he  never  sacri- 
ficed his  cause  to  ambitious  or  personal  vainglory.  He  zvas  the 

incarnation  of  an  idea.  His  modesty,  his  pure  and  elevated  char- 
acter, the  simplicity  of  his  life  and  the  nobility  of  his  principles 

give  him  rightfully  a  position  by  the  side  of  the  great  heroes  of 
history. 

In  the  vicissitudes  of  the  epoch  under  consideration,  when 

European  wars  and  the  disasters  of  nations  reflected  themselves 

directly  and  indirectly  upon  the  people  of  the  River  Plate  and 

led  slowly  to  the  formation  of  the  Republics  of  Uruguay,  Argentine 

and  Paraguay,  many  notable  and  great  men,  as  well  as  despots  and 

bloody  tyrants  and  political  demagogues,  appeared  upon  the  scene 

and  the  pages  of  history.  No  name  more  illustrious,  contempo- 
raneous with  San  Martin,  is  seen  in  the  records  of  that  time ;  more 

brilliant  and  more  important  in  results  than  that  of  General  Bel- 
grano.  His  generalship,  diplomacy,  statesmanship  and  exalted 

patriotism  give  him  a  most  distinguished  position  in  the  annals  of 

independence ;  as  General  Mitre  has  well  said  in  the  opening  sen- 

tence of  his  "History  of  Belgrano,"  "this  book  is  at  the  same  time 

the  biography  of  a  man  and  the  history  of  an  epoch."  His  statue 
is  before  us  as  we  stand  in  the  archway  of  the  National  Govern- 
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ment  Building  and  look  out  upon  the  beautiful  Plaza  Victoria. 
General  Belgrano  was  really  the  author  of  the  national  flag.  The 
white  and  the  blue  are  the  colors  of  the  Patricios,  the  regiment  of 

native  Americans,  at  the  time  of  the  overthrow  of  the  Spanish 

\*iceroy,  on  the  25th  of  ]May,  18 10. 
Comiing  to  later  times,  new  and  illustrious  names  appear — 

men  who  were  true  patriots,  who  would  not  stoop  to  fraud  or  un- 
becoming political  act,  and  who,  amid  the  errors  of  their  time  and 

the  temptations  to  do  evil,  came  out  pure  as  gold  tried  in  the  fire. 

One  of  these  men  is  the  author  of  the  "History  of  Belgrano" — 
General  Mitre,  still  living, — the  general  who  led  the  forces  of 
Buenos  Aires  in  the  last  struggle  for  a  united  republic,  and  who 

may  be  called  the  Father  of  his  Country;  for  under  his  wise  gov- 
ernorship, his  skillful  generalship  and  wisdom  as  President,  Sen- 

ator and  a  public  man  always  before  the  people,  the  country  has 
been  strong,  united,  prosperous  and  peaceful. 

The  sincerity  of  his  motives,  the  purity  of  his  life,  public  and 

private,  his  self-abnegation,  his  rigid  honesty,  his  lofty  ideas  of 
public  office,  administering  it  always  as  a  public  trust,  his  modest 
and  simple  life,  all  explains  why  the  entire  nation  recently  honored 
his  80th  birthday,  and  why  the  statesmen  of  the  Republic  sit  at 
his  feet  to  learn  and  to  follow  his  wise  counsel. 

I  have  refrained  from  developing  the  political  history  of  the 

Republic  or  giving  its  earlier  history — the  discovery  of  the  River 
Plate  by  de  Solis.  in  1515,  giving  the  name  of  his  second  officer, 

Martin  Garcia,  to  the  now  well-known  island  at  the  head  of  the 

estuary;  or  the  discovery,  in  1526,  of  the  Parana  River,  by  Sebas- 
tian Cabot,  and  all  the  subsequent  and  checkered  history  of  the 

Spanish  Portuguese  rule  in  the  River  Plate  countries.  That  they 
have  passed  through  many  trying  periods,  when  the  patriotism  of 
the  leaders  has  been  severely  tested,  goes  without  saying.  The 

heterogeneous  elements,  the  ambitions  of  designing  men,  the  lack 
of  integrity  in  the  early  days  of  independence  and  the  opportunities 
which  selfish  men  had  easily  in  their  hands  to  enrich  and  raise 
themselves  in  political  station,  gave  varied  and  not  always  envious 

political  changes  to  decades  of  Argentine  history,  not  necessary  to 
inflict  upon  you  now.  Suffice  it  to  say  that  the  country  has  passed 
safely  through  those  terrible  ordeals.  The  principles  of  the  9th  of 
July,  1816,  in  the  Proclamation  of  Independence,  and  those  laid 

down  ]vlay  25,  1853,  in  the  Constitution  of  the  United  Provinces, 

form  the  basis  of  the  Republic — fourteen  Provinces  (States)  and 
ten  Gobernaciones  (Territories; — principles  which  all  hold  sacred 
and  which  are  almost  exactly  similar  to  our  own. 
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The  world,  and  especially  its  republics,  owe  more  to  Buenos 

Aires  than  is  generally  known  or  recognized.  The  brief  but  elo- 
quent summary  of  this  period  of  its  history  by  General  Alitre  shows 

how  great  has  been  its  influence  in  the  development  of  American 
national  life. 

I  stated,  in  my  remarks  at  Diisseldorf,  that  the  country  was 
ambitious  and  determined  to  fulfill  its  destiny  among  the  nations 

of  the  earth.  I  cannot  close  the  political  subject  of  my  lecture  with- 
out confirming  this  statement  by  the  words  found  at  the  close  of 

Mr.  Merou's  "History  of  Argentine,"  which  he  brings  down  to  1870. 
"The  Argentine  Republic  came  out  of  this  campaign  (1870, 

with  the  dictator  and  tyrant  of  Paraguay)  strengthened  and  united. 
The  sentiment  of  nationality,  crystallized  by  common  sacrifices, 
was  from  that  time  forth  an  indestructible  fact  and  a  promise  of 
days  of  prosperity  and  greatness,  of  a  country  united,  free  and 
powerful.  We  can  contemplate  the  problems  of  the  future  with 
tranquillity,  consecrating  ourselves  with  all  of  our  intelligence  and 

forces  to  build  up  with  a  broad  and  generous  spirit  and  a  disin- 
terested love  for  truth  and  justice  (following  the  traditions  re- 

ceived from  our  forefathers  and  realizing  their  noble  ideals)  one 
of  the  greatest,  most  prosperous  and  most  illustrious  nations  of  the 

earth." It  is  pertinent  here  to  remark  that  the  principle  enunciated  in 

1 81 8,  five  years  before  the  message  of  President  Monroe,  pro- 

claiming the  "Monroe  Doctrine"  with  such  quiet  but  firm  deter- 
mination, viz.,  that  America  is  and  shall  be  the  undisturbed  home 

of  Americans,  has  persisted  until  the  present  day,  and  if  attempts 

have  been  made  at  any  time  to  impair  the  sovereignty  of  any  Amer- 
ican nation,  there  has  always  been  a  Grant  or  a  Cleveland  to  frus- 
trate them.  President  Roosevelt  has  recently  clearly  defined  this 

much-misunderstood  principle,  or  so-called  "Monroe  Doctrine," 
when  he  said :  "The  nations  now  existing  on  the  Western  Con- 

tinent must  be  left  to  work  out  their  destinies  among  themselves," 
and  "America,  North  and  South,  is  no  longer  to  be  regarded  as 
the  colonizing  ground  of  any  European  power."  Thus  it  has 
happened  that  while  the  Dark  Continent  has  been  partitioned  among 
these  powers,  no  hand  as  yet  has  been  laid  upon  any  part  of 
America. 

Let  us  now  take  a  bird's-eye  view  of  the  present  Argentine,  a 
country  one-third  the  size  of  the  United  States ;  a  climate  salu- 

brious and  comfortable ;  of  immense  plains  formed  by  nature,  as  I 

have  already  shown,  for  the  use  of  man — plains  where  the  rail- 
roads find  no  natural  obstacles  worth  mentioning  in  the  way  of 
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their  good  alignment  and  construction;  where  we  have,  I  think, 
the  longest  railroad  tangent  in  the  world  (186  miles),  between 
Junin  and  La  Cautiva,  on  the  Pacific  Railroad;  plains  covered  with 
the  cattle  of  the  great  estancias,  thousands  of  them  of  the  best 

breeds  in  one  estancia,  and  sheep  by  the  millions,  and  great  fields 
of  wheat,  corn  and  linseed,  the  principal  agricultural  products  of 

the  country.  An  "estancia"'  might  be  called  a  ''ranch"  on  th^ 

great  plains  of  our  A\'estern  States.  Their  size  varies  from  about 
3000  acres  to  700,000  acres ;  probably  25,000  acres  might  be  con- 

sidered an  average  size. 
As  might  be  expected  of  a  country  stretching  through  so 

many  degrees  of  latitude  and  rising  along  the  circles  of  longitude 
from  the  level  of  the  sea  to  the  highest  Andes,  there  is  a  great 
variety  of  climate  and  generally  an  abundant  rainfall.  Buenos 
Aires  is  on  the  same  parallel  south  of  the  equator  as  Wilmington, 
N.  C,  is  north  of  it.  Snow  is  almost  unknown,  and  scarcely  ever 
is  ice  or  frost  seen.  The  climate  in  the  summer  is  tempered  with 
the  great  body  of  water  of  the  River  Plate. 

The  rainfall  of  Buenos  Aires  averages  35^  inches  per  annum, 
about  equal  to  that  of  the  Northern  States  of  the  United  States, 

At  Asuncion.  Paraguay,  it  is  53  inches,  about  equal  to  that  of  New 
Orleans.  The  temperature  is  remarkably  uniform.  The  mean 
temperature  in  June  and  July,  1899.  the  coldest  months,  was  54 
degrees  F.,  and  in  January  and  February,  the  hottest,  76  degrees, 
the  annual  mean  being  62  degrees.  In  twenty  years  the  mean  was 

63  degrees ;  summer,  jj  degrees ;  autumn,  65  degrees ;  winter,  54 
degrees,  and  spring,  63  degrees ;  mean  of  January,  the  warmest 
month,  79  degrees ;  of  July,  the  coldest,  52  degrees.  The  extreme, 

or  extraordinary,  limits  were  107  degrees,  and  very  rare  104  de- 

grees, frequently  95  degrees,  and  in  winter  23  degrees,  which  oc- 
curred but  three  or  four  times.  In  Februarv.  1900,  the  beat  rose 

to  103  degrees,  but  the  period  of  intense  heat  was  only  eight  days. 
Such  conditions  are  extremely  rare. 

The  population  of  the  whole  country  is  now  about  5,000,000. 

The  wheat  area  of  the  Republic,  mostly  in  four  Provinces, — Buenos 
Aires,  Santa  Fe,  Cordoba  and  Entre  Rios, — is  about  8,500,000 
acres ;  80,000,000  to  100,000,000  bushels  of  wheat  are  exported. 

The  total  area  under  cultivation  in  the  Republic  in  1901  was  17;- 
500,000  acres.  The  increase  over  1891  was  136  per  cent.  The 
crops  were:  Wheat,  1,964,000  tons;  linseed,  490,000  tons;  corn, 
2,134,000  tons.  The  total  of  arable  land  is  253,000,000  acres,  of 
which  240,000,000  do  not  need  irrigation. 

In  the  whole  Republic  there  are   30,000,000  head   of  cattle. 
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5,600,000  horses  and  120,000,000  sheep  (in  the  United  States  there 

are  62,000,000). 

As  might  be  expected,  the  wool  industry  is  very  important, 

about  500,000  bales  shipped  to  Europe  being  the  export  product  in 

the  years  1901-02 — 31,000  to  the  United  States  and  28,000  to  Great 
Britain. 

Argentine  is  a  protectionist  country,  and  its  resources  for  con- 
ducting the  Government  are  largely  raised  from  the  custom  dues. 

In  1899  the  imports  free  of  duty  amounted  to  $14,769,933  (gold), 

and  those  subject  to  duty,  $102,080,738  (gold).  The  exports  were 

$184,917,531  (gold).  The  United  States  imports  $300,000,000  per 

annum  of  sugar,  hides,  linseed,  jute,  hemp,  wood  and  fruit,  and 

$36,000,000  of  wool  and  woolen  articles.  All  of  these  are  produced 

by  Argentine,  yet  only  $6,000,000  of  the  $336,000,000  come  from 

Argentine,  or  2  per  cent. 

The  United  States  export,  including  cereals,  meat  and  live 

stock,  about  $920,000,000,  and  only  $10,000,000  of  this  go  to  Argen- 

tine, or  about  i  per  cent.,  while  Argentine's  purchases  of  the  same 
articles  in  England  were  $39,000,000,  and  $60,000,000  from  other 
countries. 

Reciprocal  trade  would  open  the  United  States  to  Argentine 

wool  and  treble  the  production  in  a  few  years.  There  should  be 

direct  lines  to  that  country  from  the  United  States,  and  the  time 

should  be  reduced  from  about  twenty-seven  days  to  fifteen  or  eigh- 
teen days.  We  should  ship  to  Argentine  our  manufactures,  our 

coal,  pine  wood,  petroleum,  etc.,  and  we  should  receive  from  Argen- 
tine its  wool,  hides,  grease,  dried  fruits,  hard  wood  for  tanning  and 

dyeing,  etc.  Now,  for  want  of  return  freights,  steamers  load  at 

United  States  ports  for  Buenos  Aires,  and  return  via  Liverpool 

to  New  York,  frequently  via  South  Africa. 

In  reference  to  wool,  I  have  already  stated  that  in  the  entire 

United  States  there  are  only  about  62,000,000  sheep,  while  there 

are  120,000,000  in  Argentine.  It  is  a  well-known  fact  that  the 
ranges  in  the  far  West  of  the  United  States,  which  are  absolutely 

necessary  for  sheep  raising,  are  rapidly  being  reduced  by  the  ex- 
tension of  our  population  westward  and  the  cutting  up  of  great 

areas  into  smaller  farms.  Not  only  do  the  smaller  farmers,  as 

they  go  West,  wage  constant  war  with  the  sheep  herders,  but  the 

cattle  raisers  do  the  same ;  so  that  the  time  is  sure  to  come  very 

soon  when  we  will  need  the  wool  of  Argentine.  What  this  country 

should  do  with  a  great  agricultural  country  like  Argentine,  capable 

of  immense  productions,  is  to  receive  its  raw  materials  and  ship  to 
it  our  manufactured  eoods. 
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It  is  proper,  in  closing  this  part  of  the  subject,  to  quote  a  short 

paragraph  which  appears  in  the  "Argentine  Year  Book,"  recently 
published,  from  the  pen  of  Air.  Ronaldo  Tidblom,  Chief  of  the 

National  Department  of  Agriculture  and  Live-Stock  Industry.  In 
closing  up  a  long  and  very  important  article  in  that  year  book  on 

the  agriculture  of  Argentine,  he  makes  the  following  statement : 

"Xature  has  undoubtedly  endowed  Argentina  with  advantages 
for  agricultural  and  pastoral  farming  not  to  be  found  in  any  other 

country  of  the  world,  and  it  is  not  too  bold  a  forecast  to  say  that 

if  the  country  continues  to  improve  her  natural  gifts  in  the  same 

degree  in  which  they  have  been  cared  for  and  improved  up  to  the 

present  time,  the  day  will  come  when  the  Argentine  farmers  will 

have  absolute  control  of  the  world's  food  markets." 
Railways  have  had  an  extensive  development.  In  1867  there 

were  355  miles:  in  1880  there  wxre  1563;  in  1890,  5862;  in  1900, 

10,601,  of  which  1243  belong  to  the  Government  and  9358  to  for- 
eign companies.  In  length  of  line,  Argentine  stands  ninth  on  the 

list  of  countries,  but  as  compared  with  the  United  States  the 

mileage  is  about  5  per  cent.  The  paid-up  capital  is  $550,000,000 

(gold).  The  total  receipts  in  1900  were  $40,000,000  (gold).  Com- 
paring the  railroads  of  Argentine  with  those  of  the  rest  of  the 

world,  we  find  that  Argentine,  in  mileage,  stands  ninth.  The  length 

of  line  per  1000  inhabitants  is  3.46  kilometers,  while  it  is  4.86  in 

the  United  States,  0.93  in  Germany  and  1.7  in  France. 

The  Great  Southern,  the  Western  and  some  other  lines  are  still 

making  extensions,  and  the  Southern  has  crossed  the  Neuquen 

River  and  is  looking  for  a  pass  to  cross  the  Andes. 

There  are  three  gauges — 5  feet,  which  is  really  the  standard ; 
4  feet  8|  inches,  and  a  narrow  gauge,  usually  about  3  feet  3  inches 

(i  meter). 

The  total  length  of  telegraph  lines  is  28,000  miles,  of  which 

12,000  belong  to  the  Government.  Compared  with  the  United 

States,  the  Western  Union  alone  has  192,705  miles  of  poles  and 
cable. 

One  of  the  most  interesting  railroad  lines  now  in  construction 

is  the  Transandine,  which,  upon  leaving  Mendoza,  follows  the 
Mendoza  River  to  its  source  and  climbs  to  the  summit  of  the  Pass 

of  the  Andes,  3900  meters  (13,000  feet)  above  sea  level.  The 

Abt  system  of  adhesion  up  to  2^  per  cent,  and  then  rack  to  6  per 

cent,  are  employed. 

Speaking  generally  of  the  railroads,  they  are  well  constructed, 

though  good  ballast  on  the  great  plains  is  lacking.  The  cars  are 

like  American  cars,  but  the  first-class  day  coaches  are  much  more 
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luxurious  than  ours.  All  the  long-distance  trains  have  comfortable 
sleepers ;  a  buffet  and  dining  car  goes  with  all  through  trains. 

In  regard  to  the  industries  of  the  country,  while  the  main 

products  are  agricultural  and  the  export  as  well,  important  in- 
dustries are  slowly  developing.  While  sugar  is  an  agricultural 

product,  the  forty  sugar  mills  may  be  classed  among  the  industries. 

In  1870  Argentine  imported  22,000  tons,  but  in  1899  exported 

58,000  tons.    There  are  $52,000,000  invested. 

The  history  of  the  city  of  Buenos  Aires  is  exceedingly  interest- 
ing and  full  of  trouble.  Founded  in  1535,  destroyed  and  rebuilt; 

and  then,  from  1650,  when  there  were  400  houses,  it  grew  slowly 

under  the  old  Spanish  regime ;  and  later,  under  dictators  and  bad 

rulers,  it  slowly  advanced  in  spite  of  an  unstable  Government.  In 

1852,  when  the  noted  Rosas  was  turned  out,  it  had  76,000  inhabi- 
tants;  in  1864,  140,000;  in  1869,  178,000;  in  1887,  400,000,  and 

there  are  at  present  about  880,000.  It  is  destined  to  reach  the 

million  mark  by  the  year  1906.  It  is  now  the  largest  city  in  the 

world,  south  of  Philadelphia,  if  we  except  Chinese  cities. 

Comparing  its  present  rate  of  growth  per  decade  with  some 

other  cities,  we  find  the  following :  Greater  London,  20  per  cent. ; 

New  York,  -^j  per  cent. ;  Chicago,  54  per  cent. ;  Philadelphia,  23 
per  cent. ;  Greater  Berlin,  19  per  cent. ;  Buenos  Aires,  40  per  cent. 

The  city  is  on  the  right  bank  of  the  River  Plata,  a  sloping 

bank,  50  or  60  feet  above  the  water  level,  rising  up  to  consider- 
ably greater  elevations  in  the  center  of  the  city.  It  is  about  120 

miles  from  the  sea  at  Montevideo.  Its  area  is  one  of  the  greatest 

in  the  w^orld — 44,830  acres.  Paris  has  only  19,280;  Berlin,  15,625; 

Hamburg,  15,681,  and  Vienna,  13,690.  It  would  be  a  good  day's 
journey  to  go  around  the  city,  as  its  perimeter  measures  39  miles. 

As  far  as  the  natural  conditions  permit,  the  streets  are  laid 

out  in  the  form  of  a  chessboard,  and  are  generally  about  360  feet 

apart  from  center  to  center.  In  the  central  part  of  the  city  the 

streets  are  narrow ;  it  is  difficult  for  three  carriages  to  pass.  There 

are,  how'ever,  a  few  33  feet  wide,  and  one  or  two  avenues  about 
100  feet. 

The  finest  and  said  to  be  the  best-lighted  street  in  the  world 
is  the  Avenida  de  Mayo,  which  is  in  the  center  of  the  city  as  to 

the  numbering  of  the  houses  north  and  south.  It  has  a  fine  asphalt 

pavement  and  double  electric  lights  in  the  center.  It  was  cut 

through  the  blocks  a  few  years  ago  from  the  Casa  de  Gobierno 

(Government  House),  near  the  port,  to  the  thirteenth  street,  some- 

what less  than  a  mile.  At  the  other  end  there  is  being  built  a  beau- 
tiful capitol  building  that  will  cost  about  $5,000,000  (gold). 
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There  are  seventy-two  parks  and  small  areas  outside  the  main 
streets,  with  a  combined  area  of  about  1400  acres.  These  parks 
are  more  tastefully  laid  out  and  more  neatly  kept  than  can  be  found 
in  any  other  country  in  the  world.  Paris  excepted.  In  fact,  in  many 

respects  the  city,  in  its  streets,  lights,  parks  and  structures,  resem- 
bles Paris,  except  that  there  are  more  one-story  residences  than 

in  Paris.  The  prevailing  style  is  Spanish,  with  a  patio  (an  open 
area)  and  the  rooms  all  facing  it,  and  in  this  patio  a  garden  and 
fountain,  when  the  proprietor  is  able  to  have  it ;  if  not,  pots  of 
flowers  very  much  like  the  ordinary  city  house  in  Mexico.  The 

style  of  the  houses  of  the  wealthy  may  be  seen  on  Avenida  x'Vlvea. 

The  pavements  are  wood  (nearly  all  hard,  suitable  w^ood  of  the 
country),  asphalt,  granite  blocks,  macadam  and  rubble.  No  city 

has  better  pavements  in  the  central  part.  In  the  outskirts,  how- 
ever, much  of  the  pavement  is  very  bad  and  uneven,  merely  rubble, 

but  immense  sums  are  being  expended  in  substituting  for  rubble 
granite  blocks  and  asphalt. 

There  is  no  city  anywhere  with  more  lines  of  street  cars ;  in 
fact,  with  the  exception  of  two  streets,  there  is  a  line  in  everyone 
of  the  principal  thoroughfares.  And  leading  out  to  the  pleasant 
suburban  towns.  Belgrano,  Palermo  and  Florest,  there  are  electric 
lines  similar  to  those  in  American  cities,  using  the  overhead  trolley. 

In  fact,  all  the  equipment,  from  rails  to  trolley,  comes  from  the 
United  States.  Very  extensive  changes  are  being  made  in  all  parts 
of  the  city,  substituting  horse  cars  for  electric.  There  are  now 

275  miles  of  street-car  lines,  which  carried,  in  1900,  116,447,982 
passengers. 

In  1 87 1  there  was  a  terrible  epidemic  of  yellow  fever,  due,  in 
a  large  part,  to  unsanitary  conditions ;  but  immediately  afterward 
the  city  began  a  very  extensive  system  of  water  and  drainage  works, 

costing  $33,000,000  (gold),  discharging  the  sewage  15  miles  dis- 

tant, and  the  storm  w'aters,  by  great  intercepting  sewers  now  being 
completed,  into  the  river  in  front  of  the  city.  The  city  waterworks 
take  their  water  above  the  city,  where  it  is  never  contaminated. 
These  works  were  designed  by  Messrs.  Bateman  and  Parsons, 

engineers,  of  London,  and  the  main  construction  was  carried  out 
under  their  supervision. 

The  water  of  the  River  Plata  is  good,  but  muddy,  and  it  is 
clarified  in  settling  basins  before  being  delivered  to  the  distributing 

reservoir,  built  on  one  of  the  highest  points  of  the  city.  This  dis- 
tributing reservoir  is  a  work  of  art,  covered  with  glazed  tiles  over 

pressed  brick.  These  works  altogether  have  made  Buenos  Aires 
one  of  the  healthiest  cities  in  the  world,  as  the  death  rate  proves. 
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Ten  years  ago,  upon  the  completion  of  the  main  works,  the 

mortality  per  looo  was  30;  now  it  is  16^.  This  compares  very 

favorably  with  other  large  cities.  London  has  19.2 ;  Glasgow, 

21.6;  Liverpool,  26.3;  Manchester,  24.1 ;  Dublin,  30.4;  Paris,  20.1  ; 

St.  Petersburg,  24.7 ;.  Vienna,  20.7;  Madrid,  30.1;  Rome,  17.6; 

Venice,  22.8;  New  York,  19.7;  Philadelphia,  17.7;  Brussels,  17.9; 

Boston,  19,  and  New  Orleans  (white),  17.9. 
The  Government  is  soon  to  extend  the  works  at  a  cost  of 

$5,000,000  (gold). 

The  climate,  taking  the  whole  year  round,  is  very  equable 

and  very  agreeable.  The  parks  are  always  green ;  vines  and  palms 

and  a  species  of  banana  plants  are  seen  everywhere,  and  flowers  all 

the  year  in  the  open.  It  has  a  semitropical  country  in  the  north 

and  in  Paraguay  from  which  to  procure  the  plants,  where  the 

Victoria  Regia  and  other  beautiful  plants  grow  wild. 

In  reference  to  education,  the  primary  education  is  compulsory 

from  the  age  of  9  to  14 ;  secondary  education  from  14  to  19  is 

optional,  as  also  the  university,  or  higher  education,  from  19  to  25 

or  26.  No  man  can  enter  into  any  of  the  professions,  including 

engineering,  and  take  a  prominent  position  in  the  Government 

without  being  a  graduate  of  the  National  University  and  having 

taken  the  course  outlined  in  the  above  division  of  ages. 

In  1900  there  were  450,000  pupils  in  the  public  schools,  which 

are  free  to  all,  and  free  to  people  of  all  religions.  Although  the 

Catholic  religion  is  the  national  religion,  neither  it  nor  any  other 

religion  is  allowed  to  be  taught  in  the  schools. 

In  the  National  University  there  are  four  faculties — law  and 
social  science,  medicine,  exact  physical  and  natural  science  and 

philosophy  and  letters.  In  1901  there  were  3562  students  in  the 
University. 

In  reference  to  religion,  everywhere  in  Argentine,  under  the 

Constitution,  all  may  worship  God  freely,  according  to  the  dictates 
of  their  own  conscience.  While  the  Government  itself,  like  the 

Governments  of  Great  Britain,  Germany,  Switzerland,  etc.,  recog- 
nizes an  established  church  and  assists  in  its  maintenance,  it  also 

often  assists  in  benevolent  and  educational  work  undertaken  by 
other  denominations. 

Argentine  is  made  up  of  many  nationalities.  According  to  the 

census  of  1895,  there  were  in  the  country  about  3,000,000  Argen- 
tines (all  children  born  there  of  foreign  parents  are  Argentines) 

and  about  500,000  Italians — by  far  the  largest  number  of  immi- 

grants— and  they  are  far  better  than  the  immigrants  of  the  same 
nationality  that  come  to  the  United  States.     Some  of  the  best  and 
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most  intelligent  people  in  all  kinds  of  business  and  industries, 

especially  in  agriculture,  are  Italians.  Next  come  the  Spaniards, 
about  200.000;  next  the  French,  somewhat  less  than  100,000;  next 

the  English.  22.000;  next  the  Swiss.  15,000,  and  lastly  the  North 

Americans,  as  we  are  called,  1400.  These  figures  refer  to  the  year 

1895  ;  the  number  of  foreigners  in  the  country  December  31,  1899, 

was  1.199,808.  an  increase  of  20  per  cent,  on  the  returns  of  the 

year  1895. 

Immigrants  in  44  years   I.935i077 

Italians  "  "       1,198,550 
Spaniards  "  ''          361,079 
French  "  "           162,636 

British  "  '  "            34,031 
Austrians  "'  "            31,698 
Germans  "'  "            27,834 
Swiss  •'  "            24,873 

Belgians  "  "            19,082 

In  addition  to  telegraph  lines,  there  are  four  cable  companies 

working  with  Europe  and  the  United  States,  keeping  up  a  close 

connection  with  all  parts  of  the  world.  The  service  is  very  good 

and  prompt ;  its  time  of  transmission  between  Buenos  Aires  and 

London,  "via  Galveston"  and  Western  Union  lines  and  cables,  is 
about  60  minutes,  and  with  New  York  30  minutes.  When  we 

consider  the  distance  and  the  route,  we  are  astonished  at  the  work- 

ing of  this  line,  which  crosses  over  the  Andes  12,000  feet  above 
the  sea  level,  tunnels  under  the  snow  and  avalanches  and  reaches 

the  Pacific  Ocean,  only  to  take  successive  leaps  by  loops  along  the 

coast  to  Tehuantepec,  in  Mexico ;  over  the  Isthmus,  across  and 

under  the  waters  of  the  Gulf  of  Mexico,  to  Galveston,  speeding 

then  its  swift  flight  over  the  poles  of  the  Western  Union  to  New 

York  City ;  and  then,  without  stopping  to  rest,  plunges  into  the 

depths  of  the  Atlantic  Ocean  and  talks  to  the  receiver  in  London 

in  60  minutes  after  it  left  the  operator's  fingers  in  Buenos  Aires. 
By  a  wonderful  invention  of  recent  years,  this  message  has  passed 

from  ocean  to  land  many  times  and  back  to  ocean  without  stop- 

ping, through  a  '"human  relay" — a  machine  worked  by  a  human. 
It  is  an  interesting  fact  that  the  difference  in  level  between  the 

highest  point  on  land  of  the  lines  of- the  Central  and  South  Amer- 

ican Telegraph  Company  and  the  lowest  point  of  its  cables  in  the 

Pacific  Ocean  is  about  31.000  feet — 6  miles. 
This  company  has  three  underground  cables  which  cross  the 

Andes  and  work  uninterruptedly,  notwithstanding  that  they  are 

covered  with  snow,  in  some  places  at  great  depth,  for  about  eight 
months  of  the  vear. 
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After  stating  these  general  characteristics  of  the  country  and 

of  the  capital  city,  I  must  give  you  a  brief  res  nine  of  the  ocean 

commerce,  which  has  done  so  much  for  the  country,  and,  situated 

as  it  is  at  the  antipodes  of  the  world,  so  necessary.  First,  a  few 

dry  facts,  and  then  the  description  of  commercial  facilities. 

In  1899  the  value  in  gold  of  goods  imported  was  about  $117,- 
ocKD,ooo;  exported,  $185,000,000.  Of  these,  $44,000,000  imports 

came  from  Great  Britain  and  $15,000,000  from  the  United  States; 

Italy  comes  next,  with  $14,000,000,  and  Germany  next,  with  $13,- 

■000,000;  then  France,  with  $11,000,000,  and  Belgium,  with  $9,- 
ooo,0'00.  But  exports  show  a  different  distribution,  for  France 

took  $41,000,000;  Germany,  $29,000,000;  Belgium,  $24,000,000; 
Great  Britain,  $22,000,000;  the  United  States,  $8,000,000,  and 

Italy,  $5,000,000.  Of  the  foreign  trade,  Buenos  Aires  had  87.2 

per  cent,  of  the  imports;  Rosario,  8.8;  La  Pata,  1.2,  and  Bahia 

Blanca,  0.8.  Of  the  exports,  Buenos  Aires  had  55.5  per  cent.; 

Rosario,  18.4;  La  Plata,  2.3,  and  Bahia  Blanca,  7.  These  ports 
are  mentioned. because  some  information  about  them  is  needed  to 

explain  the  commercial  situation.  Of  all  the  goods  reaching  the 

River  Plate  countries,  80  per  cent,  goes  to  Argentine. 

In  1885  the  National  Government  began  the  construction  of 

very  large  docks  at  Buenos  Aires ;  hitherto  all  the  business  had 

been  done  from  the  anchorage,  about  12  miles  from  the  city,  the 

intervening  space  being  a  great  mud  bar,  the  water  from  a  depth 

of  25  feet  gradually  shoaling  to  the  shore  line  at  the  city.  This 

was  so  flat  that  it  was  necessary  often  to  transfer  the  passengers 

and  goods  from  the  lighters,  with  which  they  had  come  thus  far 

from  the  vessels,  to  small  boats  and  to  great  wheel-carts  that  went 
out  a  long  distance  in  the  water  to  meet  the  lighters. 

The  new  docks  are  very  extensive,  and  lie  along  the  immediate 

front  of  the  city  and  connected  with  it ;  they  were  designed  by  the 

well-known  English  firm  of  engineers,  Hawkshaw  &  Hayter,  and 

carried  out  under  the  supervision  of  Mr.  James  Dobson,  the  resi- 
dent engineer,  and  a  member  of  the  firm.  The  concessionaire  was 

an  Argentine  citizen,  Mr.  Madero ;  the  contractors  were  the  experi- 
enced English  firm  of  Walker  &  Co.,  who  built  the  Manchester 

Ship  Canal.  These  men  all  deserve  the  highest  credit  for  carrying 

through,  under  the  financial  difficulties  of  the  period  above  men- 
tioned, a  great  public  work,  costing  $38,000,000  (gold). 

In  order  to  reach  the  docks  from  the  sea,  a  channel  had  to  be 

excavated  in  the  mud  foreshore  from  the  anchorage.  This  channel 

(the  north  one)  is,  at  low  tide,  21  feet  deep  and  330  feet  wide, 

and  about  5^  miles  long  from  its  intersection  with  a  channel  which 



The  Riachuelo  in  1901. 

Entrance  of  North  Basin. 



View  of  Docks  from  the  North  Basin. 

One  of  the  Four  Docks. 
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already  existed  by  previous  dredging  from  the  other  end  of  the 

port,  at  the  mouth  of  a  small,  sluggish  stream  called  the  Riachuelo, 

in  which  channel  there  generally  is  about  19  feet  of  water  at  low 

tide.  The  tide  of  2  or  3  feet,  depending  largely  upon  the  direction 

and  force  of  the  wind  and  very  uncertain,  permits  vessels  drawing 

about  2;^^  feet  to  enter  the  port  by  the  north  channel.  The  new 

port  was  connected  with  the  older  port,  and  now  both  channels  are 

being  used,  and  the  depths  in  them  are  about  as  I  have  stated. 

The  Government  has  recently  extended  the  north  channel 

straight  out  to  the  anchorage.  The  depth  of  water  in  the  northern 

entrance  basin  of  the  port  is  21  feet,  but  in  the  four  great  docks 

22  feet,  with  tidal  gates,  so  that  the  vessels  at  low  tide  may  be 
afloat. 

The  works  are  built  in  the  most  substantial  manner — masonry 

walls  founded  on  what  is  called  "tosca"  (loess),  the  hard  sub- 
stratum that  is  found  in  this  part  of  the  country.  The  four  docks, 

or  basins,  are  from  620  to  750  yards  long,  and  are  all  170  yards 

wide,  connected  by  passageways  22  to  27  yards  wide,  over  which 

passes  by  means  of  hydraulic  turning  bridges,  the  foot,  vehicular  and 

rail  traffic.  A  sea  wall  in  front  protects  the  entire  port.  On  the  city 

side  are  three-  and  four-story  brick  warehouses,  twenty-four  in  all, 

with  a  total  frontage  of  i-J  miles.  Sheds,  cattle  yards,  railroad 

tracks,  hydraulic  cranes  and  capstans  and  other  important  appur- 
tenances give  the  port  modern  facilities  for  handling  cargo. 

When  the  docks  were  opened  at  the  southern  end,  in  1899, 

the  registered  tonnage  of  vessels  arriving  and  departing  at  the 

port  of  Buenos  Aires  was  3.800,000;  in  1901,  8,661,299,  more  than 

100  per  cent,  increase.  There  are  only  twelve  ports  in  the  world 

of  greater  tonnage,  and  none  of  them  shows  such  phenomenal 

growth. 
In  1880,  about  the  time  that  the  works  were  proposed,  the 

tonnage  was  644,570.  and  the  plans  were  made  for  2,000,000  tons 
only. 

The  extraordinary  growth  of  the  commerce  has  made  it  neces- 
sary to  make  an  enlargement. of  the  facilities,  and  this  was  one  of 

the  works  intrusted  to  me  during  the  last  year  of  my  stay  in  Argen- 
tine. I  am  able  to  show  you  the  general  plan  of  the  actual  port, 

with  the  proposed  enlargement,  which  will  have  free  access  from 

the  sea  and  a  depth  of  26  feet. 

The  plan  also  provides  facilities  for  "inflammables" — coal, 
petroleum,  gasoline,  naphtha  and  some  explosives. 

The  work  of  enlargement  of  the  port  is  divided  into  sections, 
so  that  it  can  be  carried  out  section  bv  section,  as  the  increase  of 
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commerce  will  require.  The  general  plan  also  includes  the  protec- 
tion and  deepening  of  the  entrance  channels. 

One  of  the  principal  ports  of  the  country  is  Rosario.  Ocean 

navigation  reaches  it,  and,  for  that  matter,  reaches  Colastine,  the 

port  of  the  city  of  Santa  Fe,  the  capital  of  the  Province.  The 

registered  tonnage  of  the  port  of  Rosario  in  1899  was  3,000,000, 

of  which  more  than  2,000,000  were  over-sea  vessels,  about  700  per 
annum.  The  merchandise  entered  and  cleared  was  about  1,650,000 

tons ;  67  per  cent,  of  the  exportation  was  wheat.  In  the  busy 

months  there  are  often  over  thirty  vessels  seen  at  one  time  along 

the  wharves  and  the  barranca,  where  the  wheat  is  loaded  in  bags, 

sliding  down  from  the  high  cliff  60  feet  above  the  vessel,  in  what 

are  called  "canaletas."  The  imports  amount  to  about  $10,000,000 
(gold),  and  the  exports  to  $30,000,000. 

The  National  Government  is  making  a  great  port  of  Rosario, 

endowed  with  all  modern  facilities  for  handling  cargo.  It  sent  out 

to  Europe  and  the  United  States  a  full  report  with  all  necessary 

data,  submitting  the  project  to  capitalists  and  contractors,  with  the 

request  for  propositions  to  build  and  operate  the  port.  It  will  cost 

from  $10,000,000  to  $12,000,000  (gold). 

The  contract,  after  an  examination  of  and  report  upon  the 

projects  presented  by  a  Board  of  which  I  had  the  honor  to  be 

President,  has  been  let  to  the  well-known  and  experienced  firm  of 
contractors,  Messrs.  Hersent,  of  Paris,  associated  with  Schneider 

&  Co.,  of  Creusot,  the  Krupp  of  France.  The  works  of  construc- 
tion were  inaugurated  by  the  President  of  the  Republic  on  October 

26,  1902. 

The  plans  of  the  work  have  been  based  on  the  data  above 
mentioned. 

Some  important  problems  had  to  be  solved  in  connection  with 

the  improvement  of  so  great  a  river  as  the  Parana,  the  bed  of 

which  is  subject  to  such  important  changes,  and  also  its  islands  and 
banks. 

The  front  line  of  the  proposed  wharves  is  over  2^  miles  long. 

The  masonry  piers  must  go  down  into  the  tertiary  sand  below  the 
scour  of  the  river,  and  their  foundations  will  be  from  60  to  80  feet 

below  the  low-water  level. 

The  importance  of  this  work,  furnishing  a  modern  seaport  to 

the  second  city  of  the  country,  can  scarcely  be  overestimated.  In 

my  report  on  the  project,  made  in  September,  1900,  I  used  the 

following  words,  which  two  years  of  subsequent  study  have  cor- 
roborated : 

"It  is  safe  to  say  that  the  establishment  of  a  first-class  port 



Port  of  Buexos  Aires  and  Plan  of  Enlargement. 

The  Dry  Dock. 



President  Roca  Inaugurating  the  Dock. 

The  "San  Martin"  in  the  Dock. 
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at  Rosario.  with  suitable  channels  of  access,  will  revolutionize  com- 

pletely the  commerce  and  industry  of  this  Republic." 
La  Plata  port  and  city  were  built  by  the  Provincial  Govern- 

ment, when,  in  about  1880,  the  National  Government  came  to 

Buenos  Aires  to  occupy  it  as  the  capital  of  the  nation.  It  is  an 

excellent  port ;  it  is  built  on  the  shore  of  the  Rio  de  la  Plata,  about 
2S  niiles  from  Buenos  Aires,  and  cost  about  $r4,ocx),ooo  (gold). 
The  opening  of  the  national  port  at  Buenos  Aires  has  driven  most 
of  the  commerce  from  La  Plata,  but  it  is  capable  of  being  made, 
with  a  comparatively  small  sum  of  money,  deep  enough,  in  its 

entrance  channel  (5  miles  long)  and  in  its  port  areas,  to  accom- 
modate vessels  of  26  feet  draught  at  low  tide;  it  now  has  21  feet. 

The  remaining  port  of  importance  and  rapidly  growing  is 
outside  of  the  River  Plate,  in  the  south.  Bahia  Blanca ;  it  is  the 

principal  shipping  port  of  agricultural  products  by  the  Great  South- 
ern Railway,  the  largest  system  in  the  Republic.  This  port  is  in  an 

estuary  of  the  ocean,  and  is  a  protected  harbor;  in  fact,  the  ter- 
minal of  the  railway  is  about  35  miles  from  the  open  ocean.  The 

railway  is  building  a  steel  pier.  1640  feet  long,  with  spacious  ware- 
houses and  19  miles  of  siding;  and  there  will  be.  when  all  the  works 

are  completed,  over  half  a  mile  of  wharf  frontage,  supplied  with 
electric  cranes. 

The  National  Government  is  building  in  this  estuary  at  Puerto 
Militar,  or  Puerto  Belgrano.  a  system  of  dry  docks  and  basins  on  a 
large  scale.  The  first  dry  dock,  one  of  the  best  and  largest  in  the 
world,  is  completed  and  now  in  use.  It  was  designed  and  built 

under  the  immediate  supervision  of  the  well-known  Italian  engi- 
neer, Chevalier  Luigi  Luiggi.  who  had  charge  of  similar  work  at 

Genoa. 

This  dock,  built  of  first-class  materials  and  upon  the  most 
modern  methods,  can  take  the  largest  naval  or  merchant  ships  of 
the  world,  as  it  has  a  useful  length  of  713  feet  and  an  entrance 

width  of  85  feet  and  a  depth  over  the  sill  of  324^  feet  at  mean  high 
tide,  22  feet  at  low  tide.  It  has  intermediate  gates,  so  that  two  or 
three  small  vessels  can  be  docked  at  the  same  time  or  separately. 

I  cannot  here  go  into  details  of  construction,  which  were  fully 

given  in  a  paper  on  the  subject  submitted  by  Mr.  Luiggi  to  the 
Ninth  International  Navigation  Congress  at  Diisseldorf,  July,  1902. 
He  has  very  kindly  given  me  over  thirty  lantern  slides,  of  which  I 
can  show  you  a  few,  to  give  you  a  general  idea  of  the  dock.  The 
plans,  photographs  and,  possibly,  a  relief  model  of  the  dock  will 

be  exhibited  at  the  World's  Fair  in  St.  Louis,  in  1904. 
In  October  last  the  United  States  battleship  "Iowa,"  the  flag- 
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ship  of  the  South  Atlantic  squadron,  was  docked  at  Puerto  j\IiUtar. 
You  will  be  interested  to  know  that  at  Buenos  Aires  there  is 

a  large  business  with  New  York  by  means  of  five  steamship  lines, 

and,  through  New  York,  with  other  cities,  from  which  are  shipped 

a  large  amount  of  agricultural  machinery  of  all  classes,  from  culti- 

vators and  plow^s  to  great  steam  threshing  machines  of  the  "J.  I. 
Case  Company,"  of  Racine,  Wis.  From  all  manufacturing  districts 
the  trade  of  our  country  is  increasing.  You  see  our  machinery 

everywhere,  and  it  is  everywhere  considered  equal  to  any — Bald- 
win locomotives,  Jackson  &  Sharp  cars  and  Harlan  &  Hollings- 

worth's.  The  American  freight  car  of  25  and  30  tons  is  replacing  the 
old  Belgian,  French  and  English  7-  and  lo-ton  cars.  If  the  Amer- 

ican cars  are  not  all  made  in  the  United  States,  they  are  copied 

from  ours.  The  most  approved  bridges  are  from  the  United  States. 
I  have  been  over  several  and  examined  one  on  the  Transandine 

Railway,  built  by  the  Phoenix  Bridge  Company,  of  Philadelphia, 
excellent  bridges  and  giving  entire  satisfaction.  The  Boston  Bridge 
Company  sent  out  some  very  good  bridges.  The  horse  cars  by 
John  Stephenson  &  Co.,  of  New  York;  electric  cars  by  the  J.  G. 
Brill  Company  and  the  Westinghouse  Company  are  doing  well 
there.  Large  quantities  of  Southern  and  Oregon  pine  are  imported. 
From  the  United  States  comes  all  the  kerosene  used  in  the  country. 
I  might  go  on  enumerating  many  other  United  States  products.  I 
can  well  say  that  the  prospects  of  American  trade  with  Argentine 
are  exceedingly  good. 

The  Argentine  Government  is  determined  to  improve  the  great 
rivers  of  the  country  by  methods  which  have  been  found  to  be  best 
in  other  countries  under  similar  conditions.  The  results  of  our 

experience  upon  the  Mississippi  are  being  closely  watched,  studied 
and  applied.  The  reports  of  the  Mississippi  River  Commission 
are  of  great  value  to  that  country.  I  may  further  say  that  the 

engineers  and  the  methods  pursued  by  them  are  equal  to  those 

of  any  country.  Every  Government  engineer,  to  take  a  prominent 
position,  must  have  a  diploma  from  the  Engineering  Department 
of  the  National  University.  The  graduates  of  this  excellent  school 
are  as  well  equipped  for  their  work  as  those  from  any  school  in 

the  world ;  this  I  know  by  experience,  for  four  of  them  (young 

men)  have  been  associated  with  me  as  my  immediate  assistants, 

and,  in  my  position  as  Consulting  Engineer  of  the  Government,  I 
have  been  brought  into  close  relations  with  many  other  engineers, 
and  I  have  the  highest  opinion  of  their  ability. 

The  Government  Building — Casa  Gobierno — sometimes  called 
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The  "Prensa"  Building. 

The  Sarmiento  School. 
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the  "Casa  Rosada,"  from  its  light  rose  color,  and  in  which  was  my 
office,  is  one  of  the  most  prominent  buildings  in  Buenos  Aires. 

It  stands  in  a  prominent  and  central  position,  facing  the  Avenida 
de  Mavo.  and  looking  out  on  the  other  side  over  the  port  and  the 
River  Plate. 

One  of  the  finest  structures  in  Buenos  Aires  is  the  "'Prensa" 
Building,  devoted  entirely  to  that  morning  paper.  I  know  of  no 
newspaper  offices  in  the  world  that  can  compare  with  this  in 
elegance  and  convenience  in  all  its  interior  appointments. 

The  leading  newspapers  of  Buenos  Aires  are  equal  to  any, 
both  in  editorial  ability  and  in  telegraphic  news  from  all  parts  of 
the  world. 

The  Sarmiento  School  gives  me  an  opportunity  to  call  your 
attention  to  one  of  the  most  learned  and  best  of  Presidents,  who, 

when  he  was  Minister  at  Washington,  became  so  interested  in  our 
educational  methods  that  he  engaged  a  large  number  of  our  young 
lady  teachers  to  go  to  Argentine  as  normal  school  teachers.  Many 

of  them  are  there  yet,  after  nearly  twenty  years'  service — a  service 
that  has  reflected  honor  upon  themselves  and  their  country. 

You  may  properly  ask  me  why  I  have  brought  before  you  the 

subject  of  Argentine.  I  can  easily  reply — first,  because  in  two 
years  of  close  relations  with  the  country,  and  especially  with  the 

Government  officials,  I  formed  a  very  favorable  idea  of  the  char- 
acter of  the  people  and  of  the  possibilities  of  business  and  profitable 

enterprise  for  our  own  people  there ;  and,  second,  because  the  high 
officials  of  the  Government  and  leading  men  of  the  country  desire  to 

have  the  "Xorte  Americanos,"  as  we  are  called,  come  to  Argentine 
with  their  business  energy,  integrity  and  ability,  and  their  capital 
as  well,  to  help  build  up  and  move  forward  to  its  high  destiny  that 
great  country  of  South  America,  so  like  our  own  in  its  climate,  soil, 
rivers,  coast  line  and  other  general  features. 

If  I  have  succeeded  in  interesting  you  in  Argentine,  and  in 
giving  you  more  knowledge  of  it  than  you  had  before,  I  shall  be 
satisfied  with  my  efforts  and  feel  that  I  have  done  a  service  to  that 
country  and  to  my  own. 
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RICE    IX   TEXAS   AXD   LOUISIAXA. 

By  Francis  M.  Henry,  Associate  Member  of  the  American  Society  of 
Civil  Engineers. 

[Read  before  the  Engineers'  Club  of  Minneapolis,  February  27,   1904.*] 
The  cultivation  and  use  of  rice  as  a  food  antedates  authentic 

history. 

"It  is  mentioned  in  the  Talmud,  though  neither  in  the  Old  nor 
New  Testament.  It  was  certainly  known  to  the  Romans ;  was  set 

forth  in  the  tragedies  of  Sophocles,  B.C.  495.  It  was  described  by 

the  Greek  philosopher  Theophrastus,  B.C.  300.  Legend  places  its 

introduction  into  China,  B.C.  2822.  It  had  undoubtedly  spread 

throughout  the  tropics  long  before  the  commencement  of  the 

Christian  era." 
One-half  the  population  of  the  earth  use  rice  as  their  principal 

food.  It  has  been  selected  as  the  staple  wherever  climatic  conditions 

permitted  its  cultivation.  As  certainty  of  supply  is  of  first  impor- 
tance among  most  dense  populations,  the  dependence  on  rice,  in 

such  closely  settled  lands  as  Japan,  China  and  India,  is  easily  ex- 

plained. The  Chinese  Empire,  with  400,000,000;  the  British  pos- 
sessions in  Asia,  with  300,000,000;  Japan,  with  40,000,000,  and 

other  islands  and  nations  aggregating  about  100,000,000 — of  these 
840,000,000  rice  constitutes  the  principal  food  supply. 

"Rice  is  raised  in  China,  Japan,  India,  Ceylon,  Siam,  French 
Indo-China,  the  Straits  Settlements,  the  Philippine  Islands,  Persia, 
Asia  Minor,  Africa  and  the  islands  of  the  Indian  Ocean,  Egypt, 

Senegal,  French  Sudan,  Algeria,  Tunis,  Madagascar,  Honduras, 

the  Hawaiian  Islands,  Brazil,  United  States  of  Colombia,  Peru, 

Australasia,  the  Pacific  Islands,  Australia,  France,  Italy,  Spain, 

Mexico  and  the  United  States." 
In  China,  the  cultivation  of  rice  extends  all  over  the  eastern 

and  southern  portions  of  the  Empire.  Lowland  and  upland  rice 

are  both  cultivated,  but,  in  spite  of  the  great  area  cultivated,  the 

product  often  falls  below  the  home  demand,  and  it  is  imported  from 

Siam  and  the  Malay  Islands.  The  exportation  has,  upon  occasions, 
been  forbidden  for  several  centuries. 

The  rice  lands  in  China  are  generally  in  the  hands  of  large 

proprietors,  and  by  them  leased  to  farmers,  or  land  gardeners,  for 

each  man  usually  cultivates  a  lot  of  not  more  than  a  half  to  two- 
thirds  of  an  acre,  and  frequently  less.  They  pay  a  rent  which  is 

equivalent  to  from  $7.00  to  $10.00  per  year,  the  landowner  taking 
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about  one-fifth  of  the  crop,  though  frequently  a  full  half  falls  to 
his  share. 

The  most  primitive  implements,  and  those  that  have  been  in 

use  for  a  thousand  years,  are  to-day  found  in  China.  Chinese  con- 

servatism distrusts  any  innovation  in  the  way  of  modern  instru- 
ments or  machinery.  The  hoe  and  spade  and  sometimes  the  wooden 

plow,  shod  with  iron,  are  the  only  implements  used.  Fertilizers  are 

used  and  held  in  great  faith.  As  the  country  abounds  in  rivers  and 

small  streams,  canals  are  taken  for  irrigation,  though  regularly 

organized  systems,  such  as  are  in  Japan,  do  not  exist.  In  some 

localities,  away  from  a  natural  water  supply,  the  rice  growers  unite 

and  convey  water  to  the  fields,  raised  by  water  wheels  and  driven 

through  bamboo  pipes.  Hillsides  and  slopes  are  terraced  that  the 

fields  may  be  level,  and  are  so  arranged  that  after  a  sufficient  depth 

of  water  is  supplied  to  one  terrace,  it  will  flow  upon  the  next  field, 

and  from  this  to  the  third,  and  so  on,  to  the  lowest  level. 

"The  rice  is  first  soaked  in  water  saturated  with  some  fertilizer 
known  to  them,  and  this  forwards  the  growth  so  much  that  young 

plants,  after  being  deposited  in  the  earth,  appear  above  the  ground 

in  two  days.  As  soon  as  they  have  reached  the  height  of  6  or  7 

inches  they  are  pulled  up,  the  tops  cut  ofif,  the  roots  carefully  washed 

and  the  whole  planted  out  in  rows  about  i  foot  apart.  While 

growing,  it  is  sprinkled  with  lime  and  water,  to  destroy  insects  and 

assist  in  enriching  the  soil.  The  first  crop,  for  the  Chinese  in  some 

localities  obtain  two  in  the  course  of  a  year,  is  harvested  in  May 

or  June ;  the  second,  in  October  or  November.  The  sickle  is  used 

in  reaping,  and  resembles  the  European  instrument,  but,  unlike  the 
latter,  it  is  notched  like  the  teeth  of  a  saw.  The  straw  and  stubble 

are  burned  and  left  upon  the  spot  to  enrich  the  soil.  The  Chinese 

have  long  been  accustomed  to  improve  their  rice  by  the  selection  of 

seed,  and  this  is  enjoined  by  imperial  edicts."  Harvesting  and 
threshing  is  done  after  very  ancient  methods.  The  rice  is  cut  with 

a  sickle  and  threshed  by  treading  with  oxen  or  by  the  flail.  Another 

way  of  threshing  is  by  beating  the  heads  of  the  grain  against  the 

edges  of  a  box  into  which  the  paddy  falls.  Pouring  the  grain  from 

baskets  in  the  wind,  or  fanning  with  large  paper  fans  in  the  absence 

of  a  breeze,  constitutes  their  winnowing  process.  It  is  hulled  by 

crude  mortars  and  pestles.  The  best  fields  will  average,  it  is  said, 

about  4000  pounds  per  acre,  or  2000  pounds  at  each  crop,  which 

would  be  equivalent  to  about  twelve  sacks  per  acre  per  crop. 

It  is  Said  rice  land  in  China  sometimes  is  sold  for  a  price 

equivalent  to  $300.00  or  $400.00  an  acre. 

In  Japan  the  plow  is  rarely  used ;  the  soil  is  dug  with  a  mattock. 
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and  an  implement  similar  to  a  harrow  is  frequently  employed  to 
pulverize  it.  Sometimes  this  is  drawn  by  an  ox  or  horse,  but  more 

frequently  by  manual  labor.  As  in  China,  they  pay  particular  atten- 
tion to  fertilizers,  and  sow  the  rice  broadcast,  and  afterward  it  is 

transplanted  in  rows.  An  essential  difference,  however,  is  that  in 
Japan  mountain  streams  have  been  directed  to  supply  large  and 

substantially  built  irrigation  works,  and  great  districts  are  often  tra- 
versed by  canals,  winding  around  the  mountains,  and  thus  equalizing 

the  water  supply  for  the  crops  throughout  the  year. 

The  average  yield  of  rice  in  Japan  is  equivalent  to  sixteen  sacks 
per  acre,  and  the  selling  price  about  $2.40  per  sack,  and  the  rice, 
as  to  quality,  second  to  none.  The  progressive  Japanese,  of  late, 
have  been  continually  sending  agents  to  the  United  States  with  a 
view  of  bettering  their  systems  of  rice  culture,  and  although  the 

Government  tax  on  rice  is  very  high,  the  edict  forbidding  its  expor- 
tation has  been  repealed,  and  we  may  expect  great  advances  in 

rice  growing  in  that  country. 
In  India  the  number  of  acres  cultivated  in  rice  reaches  some- 

thing over  sLvty  millions  in  an  average  year.  It  forms  the  principal 
food  of  that  vast  population,  estimated  to  be  20  per  cent,  of  the 
people  of  the  world.  It  is  the  crop  of  greatest  importance.  All 
sections  of  the  country  produce  it;  all  varieties  of  soil  yield  it,  and 
under  widely  differing  conditions  of  climate,  altitude  and  water 
supply.  It  is  estimated,  in  India,  that  1400  varieties  of  rice  are  now 
to  be  found. 

In  the  space  of  this  brief  paper,  it  will  be  futile  to  attempt  the 
enumeration  of  many  of  the  different  varieties  or  to  describe  the 

various  .modes  of  cultivating  rice  in  India.  "Thus  in  Bengal  much 
dependence  is  placed  upon  the  rainfall  for  one  variety  which  is 
grown  on  the  light,  sandy  soils  not  using  irrigation,  while  another 
grows  upon  the  low  alluvial  tracts  and  is  irrigated ;  in  a  different 
section  the  rice  grown  is  of  the  red  variety  of  lowland  rice,  where 
dependence  for  irrigation  is  placed  upon  the  influx  of  sea  water. 
The  fields  being  diked,  the  sea  water  is  drained  out  at  low  tide,  and 

a  herd  of  buffaloes  are  hastily  driven  over  every  portion  of  the 
field  and  the  seed  placed  in  the  tracks  made,  the  members  of  each 

family  being  then  obliged  to  stand  guard  on  the  dikes  built  to  pre- 

serve the  precious  seeds  from  air  fowl  till  the  growth  has  started." 

In  still  another  section,  "The  water  is  drawn  off  the  land,  and 
the  head  of  the  house,  with  his  entire  family,  joins  in  a  frolic,  until 
the  whole  field  is  reduced  to  the  consistency  of  liquid  mud,  into 

which  the  seed  will  sink  of  its  own  weight  upon  being  scattered." 

"While  in  Nepal,  the  Joomla  rice,  an  upland  variety,  'flour- 
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ishes  without  inconvenience  amid  the  snows  and  frosts  of  the 

Himalayas,  at  elevations  of  from  6000  to  7000  feeet  (and  it  is  inter- 
esting to  note  that  this  latter  has  been  successfully  raised  upon  the 

banks  of  the  Thames  in  England.)" 
It  is  safe  to  say  that  the  primitive  methods  of  rice  raising 

existing  in  China  and  Japan  have  not  been  improved  upon  by  the 
rice  growers  of  India. 

The  Philippine  Islanders  cultivate  rice  after  quite  as  primitive 

a  manner  as  the  above  countries.  The  home  production  is  inade- 
quate and  large  quantities  are  annually  imported.  The  Hawaiian 

Islands,  Porto  Rico  and  Cuba  all  import  rice. 
Passing  a  further  description  of  the  methods  employed  in  the 

cultivation  in  the  remaining  various  countries  before  named,  as  they 
are  all  more  or  less  similarly  primitive,  and  considering  at  once  the 

history  of  this  cereal  in  the  United  States,  we  find  that  "early  in  the 
eighteenth  century  an  alleged  East  Indian  man  was  blown  ashore  on 
the  stormy  coast  of  Carolina,  and  it  happened  that  part  of  the  cargo 

was  saved,  and  one  small  package  fell  to  the  lot  of  a  French  Hugue- 
not refugee,  who  had  fled  from  the  turmoils  of  France  and  settled 

on  the  Atlantic  shores  of  our  southern  colony.  This  colonist  recog- 
nized in  the  little  brown  seeds,  that  his  fellows  mistook  for  barley, 

the  great  East  Indian  staple — rice.  He  planted  it  in  the  low,  marshy 

river  bottom  and,  in  time,  a  crop  was  harvested." 
From  this  small  beginning  the  rice  industry  of  South  Carolina 

grew.  For  190  years  after  the  introduction  of  rice  in  the  United 
States,  South  Carolina  and  Georgia  produced  practically  all  that  was 
raised. 

The  lands  used  for  rice  culture  in  these  States  were  low  and 

marshy,  and  bordered  on  the  rivers  emptying  into  the  sea.  The 
irrigation  of  the  land  was  obtained  by  diking  the  fields  adjacent  to 
the  streams  and  allowing  the  same  to  be  flooded  by  the  back  water 

at  high  tide  and  the  water  taken  off,  or  the  fields  drained,  by  open- 

ing the  gates,  with  the  ebbing  tide.  "The  sediment  carried  in  the 
Savannah,  Combahee,  Ashepoo,  Edisto,  Cooper,  Santee,  Sampit, 
Pedee,  Black  and  Cape  Fear  Rivers  greatly  enriched  the  soils  they 
flooded,  while  many  times  a  heavy  freshet  upon  one  of  these,  being 

met  by  a  storm  from  the  sea,  has  wrought  great  havoc." 
In  these  States  rice  was  seldom  grown  within  15  miles  of  the 

sea,  or  more  than  30  miles  from  it.  This  15-mile  belt  was  fixed,  on 
the  sea  side,  by  the  presence  of  salt  water  in  the  river,  and  on  the 
land  side  by  the  point  at  which  there  was  not  sufficient  difference 

between  high  and  low  tide.  A  2-foot  tide  has  been  taken  as  the 
minimum  for  drainage  and  irrigation  purposes.  Great  canals  con- 

23 
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nected  remote  plantations  with  the  tide  streams.  The  methods  of 

irrigation  were  crude,  and  to-day  the  systems  of  the  colonial  planters 
are  still  in  use.  The  rice  is  drilled  in  rows,  14  inches  apart,  and 
sometimes  immediately  flooded  to  protect  the  grain  from  birds,  the 
water  drawn  off  and  not  put  on  till  the  plant  has  reached  5  or  6 

inches,  then  the  "stretch  flow"  is  put  on  for  several  days,  after 
which  follows  the  "dry  growth,"  which  lasts  some  forty-five  days, 
and,  in  well-drained  fields,  the  crop  is  cultivated  during  this  period 
by  horse  and  hand  hoes.  Rice  cannot  be  grown  successfully  in  these 
old  States  without  cultivation.  The  soil  is  such  that  water  cannot 

take  the  place  of  hoeing.  Also,  the  conditions  are  not  suitable  for 
harvesting  machinery.  The  sickle  is  used,  and  colored  men  and 
women  cut,  tie  and  cock  the  grain. 

From  1847  to  1861  the  average  yield  of  the  United  States  was 
116,000,000  pounds  of  cleaned  rice.  The  period  of  the  Civil  War 

diminished  this  to  an  average  of  but  2,000,000  pounds.  "The  indus- 
try had  been  remanded  to  its  infancy.  The  long  abandoned  fields 

had  grown  up  in  a  tangle  of  brush,  vines  and  trees ;  the  once  disci- 
plined and  supremely  efficient  labor  of  the  country  had  turned  into 

a  mob."  Many  failed,  and  few  who  undertook  to  renew  their  old- 
time  calling  succeeded,  because  of  the  changed  conditions. 

After  1861,  however,  Louisiana  began  to  come  into  importance 
with  her  rice  crop ;  so  that  in  twenty  years,  or  in  1881,  she  produced 
as  much  as  all  the  rest  of  the  United  States  combined,  and  in  1899, 

out  of  137,000,000  pounds  of  cleaned  rice,  Louisiana  produced  108,- 
000,000  pounds. 

It  is  interesting  to  know  that  during  this  same  year,  1899,  the 

tJnited  States  imported  153,837,000  pounds  of  cleaned  rice,  or  16,- 
837,000  pounds  more  than  she  produced.  Let  us  look  for  the  reason 

of  Louisiana's  wonderful  growth  in  rice  growing. 

"Longfellow  and  George  W.  Cable  have  made  the  world  ac- 
quainted with  the  French  settlers  of  Nova  Scotia  who,  driven  from 

their  homes,  have  borne  exile  in  Louisiana  for  the  past  150  years. 
These  farmers  depended  chiefly  upon  their  herds  of  cattle  feeding  in 
the  upland  prairies,  though  simple  farming  was  carried  on,  and  rice, 
among  other  products,  was  raised.  There  were  few  wants  the 

country  did  not  plentifully  supply." 
These  Acadians,  in  raising  rice,  depended  solely  upon  the  rain- 

fall to  flood  their  crops.  Irrigation  was  unknown  to  them.  ''From 
a  commercial  point  of  view,  their  rice  crop  was  insignificant  and 

their  methods  were  too  primitive  to  admit  of  progress."  Hence, 
for  100  years  preceding  the  Civil  War,  the  rice  industry  in  Louisi- 

ana remained  stationary.     After  this  date,  however,  men  of  more 
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ambition  went  to  Louisiana  and  experiments  soon  began  to  be  made. 
They  stored  water  and  raised  levees  about  their  fields.  Presently 
they  discovered  that  the  great  prairies  adjoining  and  between  the 

"bottom"  lands  could  grow  better  rice  than  the  bottoms  themselves, 
when  there  was  plenty  of  rain.  The  problem  then  was  to  raise  water 
to  flood  these  prairies.  Small  steam  pumps  were  first  employed  to 
raise  the  water  from  the  bayous,  but  it  was  not  till  1896  that  the 
first  real  success  was  attained  by  the  use  of  a  centrifugal  steam 

pump,  2  miles  northwest  of  the  town  of  Crowley,  in  Acadia  Parish, 
La.  Its  operation  during  the  summer  of  that  year  marked  a  new 
era  in  rice  cultivation. 

The  result  of  successful  irrigation  on  prairie  lands  caused  a 
rapid  rise  in  the  value  of  such  lands  and  brought  them  immediately 
in  demand.  As  this  success  became  known  and  fully  substantiated, 

the  area  for  rice  culture  extended,  until  a  vast  territory  was  in- 
cluded. 

Following  closely  upon  the  heels  of  prairie  irrigation  came  the 
discovery  that  rice  could  be  harvested  by  the  same  machinery  that 
harvests  wheat,  that  the  same  drills  could  plant  it  in  the  ground  and 
that  the  soil  of  these  prairies  could  be  kept  free  from  weeds  by 
water,  and  hence  no  cultivation  was  necessary  after  the  crop  was 
seeded. 

Another  most  important  discovery  came  about  this  time,  in  the 
ascertaining  of  the  existence  of  an  immense  underground  reservoir 
or  stream  underlying  the  whole  country,  in  what  is  now  known  as 
the  Louisiana  and  Texas  rice  belt.  This  subterranean  lake  or 

river,  for  it  seems  to  flow  slowly  toward  the  Gulf,  is  found  in  a  great 

sand  and  gravel  water-bearing  stratum  lying  from  12  to  20  feet 
below  the  surface,  and  it  has  been  ascertained  to  be  practically  inex- 
haustible. 

These  last  discoveries  immediately  made  it  possible  for  great 

profits  to  be  obtained  in  rice  cultivation ;  it  plainly  showed  "that  the 
immense  coastal  plains  had  found  their  redemption,  that  this  cereal 

was  to  rescue  them  from  the  reign  of  the  steer"  and  turn  the  country 
into  a  most  thrifty  agricultural  section. 

To-day,  the  rice  belt,  or  the  district  where  rice  can  be  raised 
after  this  fashion,  covers  in  extent  about  250  miles  in  length  by  40 
miles  in  width.  It  extends  from  about  the  92d  degree  of  longitude 
in  Louisiana  on  the  east  to  the  98th  degree  in  Texas  on  the  west. 
On  the  south  it  is  from  20  to  35  miles  from  the  Gulf,  and  on  the 
north  from  60  to  75  miles. 

The  country  near  the  Gulf  is,  for  the  most  part,  a  low  swamp, 
occasionally  flooded  by  the  sea  when  strong  offshore  winds  prevail ; 
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but  back  of  the  swamp  district  lie  tlie  great  prairies  sloping  toward 
the  Gulf,  falling  about  2  feet  to  the  mile  and  interspersed  with 

stretches  of  timber  on  the  "bottoms"  along  the  streams.  To  the 
eye  the  country  is  most  beautiful,  for  a  prairie  district,  and  it  differs 

from  our  northwest  prairies  in  being  a  luxuriant  green,  because  of 

the  sufficient  rainfall,  and  also  in  always  having  as  a  background  a 
bank  of  tall  timber  outlined  against  the  sky. 

The  soils  in  Louisiana  are  mostly  lighter  than  in  Texas,  being 

for  the  most  part  of  a  sandy  loam,  underlaid  with  a  clay  subsoil. 

In  the  rice  district  in  Texas  the  "black  waxy"  and  "hog-wallow" 
lands  are  the  most  sought  after,  though  the  sandy  loams  underlaid 

wath  clay  are  also  used.  The  "waxy"  or  "hog-wallow"  lands  are 
impervious  to  water  themselves,  besides  having  the  clay  subsoil, 
and  these  latter  yield  enormous  crops  and  require  no  fertilizers. 

The  "bottoms"  lying  between  the  prairie  stretches  and  along  the 
streams  have  been  in  cultivation  for  many  years,  and  cotton,  corn 

and  cane  are  the  great  staples  raised  thereon. 

To-day  the  negro  labor  in  this  district  is  confined  to  the  bottom- 
land products,  viz.,  cane,  cotton  and  corn,  and  the  white  man  alone 

is  found  on  the  prairie  with  the  rice,  the  reason  being  that  the 

former  is  as  yet  unfit,  as  a  whole,  for  the  running  of  machinery,  etc., 
or  for  any  form  of  labor  dififering  from  that  to  which  he  has  for 
generations  been  accustomed. 

The  methods  of  raising  and  distributing  water  for  irrigation 

purposes  in  use  to-day  in  these  two  States  are  as  follows  :  Irrigation 
companies  controlling  and  owning  large  bodies  of  land,  running  all 
the  way  from  500  to  10,000  acres,  raise,  by  huge  centrifugal  pumps 

which  are  driven  directly  by  powerful  steam  engines,  vast  quanti- 
ties of  water  from  the  bayous  and  rivers,  and  discharge  the  same 

into  the  great  canals,  which,  in  turn,  distribute  the  water  by  laterals, 
sometimes  alone  by  gravity  and  sometimes  through  the  aid  of  a 
second  or  third  lift  (as  the  different  pumping  stations  are  called). 
These  great  centrifugal  pumps,  some  of  them  discharging  a  stream 
6  or  8  feet  in  diameter,  have  the  enormous  capacities  of  from  50,000 

to  75,000  gallons  per  minute.  Frequently  these  companies  have 
three  or  four  of  such  pumps  lifting  water  from  a  river  or  bayou 
mto  the  irrigating  canal.  Such  companies  make  contracts  with  rice 

farmers,  whereby  they  agree  to  furnish  land  and  water  for  a  con- 
sideration of  two-fifths  of  the  harvested  crop,  the  farmer  simply 

furnishing  the  seed  and  necessary  labor  to  grow  and  harvest  the 
same. 

The  other  system  of  rice  growing  is  that  of  the  independent 
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landowner,  who  irrigates  his  land  by  pumping  water  from  his  own 
well.  He  plows  when  it  suits  him  best,  disks,  seeds,  irrigates,  drains 

the  land  and  harvests  his  crop  when,  in  his  own  judgment,  it  is  best 
for  him  to  do  so,  and  has  nobody  but  himself  to  blame  for  the 
results. 

He  can  obtain  sufficient  water  to  irrigate  100  acres  from  an 

8-inch  well.  100  feet  deep,  and  by  attaching  a  centrifugal  pump, 
driven  by  either  a  gasoline  or  steam  engine,  he  is  insured  more 

constant  success  than  in  any  other  agricultural  pursuit. 

This  last  system  is  fast  becoming  very  popular,  and  deserv- 
edly so,  as  its  advantages  can  be  easily  appreciated.  American 

farmers  like  to  own  their  own  land.  This  is  part  of  their  nature. 

The  artesian  water  is  free  from  all  impurities,  seeds,  etc.,  carried 

in  the  river  water.  The  farmer  can  get  the  water  the  very  day  and 

hour  that  his  crop  may  need  it,  and,  also,  it  can  be  drained- off  at  his 
will.  He  is  embarrassed  by  no  long  delays  and  broken  promises  for 

water  on  the  part  of  some  big  irrigating  company.  It  is  his  own 

fault  if  he  does  not  raise  a  crop.  The  greatest  successes  have  been 
attained  by  individuals  using  the  well  system. 

Let  us  look  into  the  financial  end  of  one  of  these  farmers  using 

the  well  system. 

The  First  Ye.^r  He  Pays 

For  100  acres  at  $40.00   $4,000.00 

"    building  levees  (at  $1.50  per  acre)        150.00 

"     well  and  pumping  plant,  complete      1,500.00 
"     house,  barn,  etc   1,000.00 

"     breaking      :        250.00 

■'     disking           150.00 

"     seeding  and  seed           250.00 

"     irrigating         300.00 

"     harvesting           240.00 

■'     threshing  and   sacks        494.00 

Total  first  year's  expense  is   $8,334.00 

Taking  an  average  yield  of  fifteen  sacks  per  acre  and  the  aver- 
age price  of  $3.00  per  sack  of  rough  rice  of  162  pounds,  we  have  as 

the  gross  receipts  of  this  first  year  $4500.00. 

A  man  to  start  a  lOO-acre  rice  farm  should  have  capital  at  his 
command  sufficient  to  carry  him  safely  through  the  first  year. 

Should  one  be  in  such  shape  and  be  otherwise  fitted,  the  results  of 
the  second  vear  would  be  as  follows  : 
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Plowing       $100.00 
Disking    100.00 

Repairing  levees    25.00 
Planting    100.00 

Seed      150.00 

Harvesting      240.00 

Threshing    494-00 

Irrigating       300.00 

Interest  on  investment  at  5  per  cent    332.50 

$1,841.50 1500  sacks  at  $3.00    •    4,500.00 

Net  profits,  end  of  second  year   $2,658.50 

Compare  the  above  with  the  renter  from  an  irrigation  company. 

Second  Year. 

Plowing      .,    $100.00 
Disking       100.00 

Repairing  levees     25.00 

Planting       100.00 
Seed    150.00 

Harvesting     240.00 

Threshing    494.00 

Si, 209.00 1500  sacks,  total  crop 

Less  Yi  for  rent,     600      " 

900      "      at  $3.00     2,700.00 

Net    profit      $1,491.00 

I  have  in  mind  a  man  named  J.  W.  Leach,  in  whose  house  1 
have  been  and  whose  farm  I  have  inspected,  and  who  the  first  year, 

on  160  acres,  with  two  wells,  raised  2268  sacks  of  "Honduras,"  that 
sold  for  $3.20  per  sack  of  162  pounds  each.  This  man  is  a  native  of 
Illinois,  and  the  above  was  his  first  crop.  He  told  me  his  gross 

receipts,  straw  and  all,  this  year  were  $8375.40.  His  entire  outlay, 
land  and  all,  was  less  than  $10,000.00. 

If  the  work  of  irrigating  is  excepted,  the  process  of  raising  rice 
is  practically  the  same  as  wheat  or  oats  in  the  North. 

The  land  is  plowed  with  gang  plows,  in  the  fall  or  spring, 
sometimes  both,  then  disked  and  harrowed  thoroughly.  Planting  is 
sometimes  done  with  a  broadcast  machine,  coupled  to  a  farm  wagon, 
or,  more  often  and  better,  it  is  drilled  in  rows  7  or  8  inches  apart. 

The  planting  season  extends  from  April  ist  to  June  15th,  or  some- 
times later. 



RICE  IX  TEXAS  AXD  LOUISIANA.  187 

Dependence  is  placed  upon  the  rainfall  altogether  to  start  or 
sprout  the  seed  and  promote  the  growth  of  the  plant  for  a  period 
varying  between  one  and  two  months.  Flooding  generally  begins 
when  the  plant  has  reached  a  height  varying  between  6  and  10 
inches,  and  from  this  time  till  the  grain  is  in  the  milk  and  well 

formed,  a  space  of  about  seventy  days,  the  fields  are  kept  flooded. 
A  couple  of  weeks  before  harvest,  the  levees  are  cut  and  the 

fields  drained,  and  the  grain  rapidly  hardens  and  matures,  so  that,  by 
the  time  the  field  is  ready  to  cut,  the  ground  is  dry  enough  to  permit 
the  heavy  threshing  machines  to  be  used.  These  are  sent  into  the 
fields  and  the  rice  is  cut  and  bound  and  put  into  cocks,  where  it  is 
left  for  a  period  to  thoroughly  mature. 

The  manner  of  threshing  is  precisely  the  same  as  in  the  case 
with  wheat,  excepting  that  rice,  upon  being  threshed,  has  still  a 
hull  on  it,  and  also,  that  instead  of  being  handled  in  bulk,  as  in 

wheat,  it  is  ahvays  handled  in  sacks.  Upon  threshing  the  rice  in  the 

fields,  "rice  buyers"  from  various  different  rice-mill  companies  make 
the  fanners  cash  offers.  Last  season's  prices  ranged  from  $2.50 
to  $3.50  per  sack  of  162  pounds,  depending  upon  the  quality  of  the 
rice.  Unlike  the  wheat  business,  there  is  no  regular  grading  of  the 
rice  before  it  is  hulled.  Most  of  the  rice  raised  in  this  section  is 

"Honduras,"  although  "Japan"  seed  has  been  planted  with  great 
success.  The  degree  of  whiteness  and  weight  determines  the  value 
of  the  rice. 

The  great  inconvenience  and  expense  to  the  farmer  in  sacking 
all  his  rice,  also  the  extra  work  and  bother  in  transferring  the  same 
at  the  mill,  occurred  to  me  to  be  a  most  useless  piece  of  business, 
but  various  reasons  were  offered  why  rice  could  not  be  handled  in 
bulk  by  elevators,  the  sum  and  total  of  which  were  that  it  had  never 

been  done,  that  "sacks  had  always  been  used." 
The  writer,  while  in  that  country,  has  often  criticised  the  old 

sack  system,  and  has  advocated  the  building  of  elevators,  and  it  is 
with  satisfaction  that  it  has  been  noted  in  the  Houston  Post  that  this 

very  thing  is  about  to  be  done,  i.  e.,  that  a  great  chain  of  elevators 
for  rice  is  to  be  constructed.  This  last  step  will  save  at  least  20  cents 
a  sack  to  the  farmer. 

As  already  stated  in  this  paper,  the  total  yield  in  the  United 

States  in  1899  was  137,000,000  pounds ;  in  1900  it  grew  to  219,278,- 
000  pounds.  For  1901  it  was  253,139,000  pounds,  and  1902  ad- 

vanced the  figure  to  390,000,000  pounds,  an  increase  over  the  pre- 
vious year  of  as  much  as  the  total  crop  of  1899. 

The  acreage  devoted  to  rice  growing  for  1902  is  placed  at 
400.000  acres,  and  the  estimated  available  acreage  as  yet  untouched 
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may  bring  the  total  to  4,000,000,  capable  of  yielding  some  40,000,000 

sacks  of  162  pounds  each,  or  6,480,000,000  pounds,  or  a  crop  suffi- 
cient to  give  to  every  man,  woman  and  child  in  the  United  States 

80  pounds  per  year. 

It  is  interesting  to  note  in  this  connection  that  Japan  raises 

about  3^  times  this  amount ;  British  India,  y^,  and  China,  17. 
A  fair  conclusion  would  seem  to  be  that  America  will  soon  find 

in  rice  an  extremely  cheap  and  wholesome  food,  and  as  these  vast 

districts  are  devoted  to  its  culture,  the  food  which  feeds  one-half 
the  world  will  become  most  important  to  us. 
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THEATER  COXSTRUCTIOX   WHICH   INSURES   PUBLIC 
SAFETY. 

By  E.  O.  Fallis,  ̂ Iember  of  the  Toledo  Society  of  Engineers. 

[Read   before   the   Society,    JNIarch    18,    1904.*] 

\\'hy  is  it  that  this  great  government  of  ours  is  so  careful  in 
the  protection  of  the  rights  of  individual  citizens,  when  interfered 
with  by  those  of  any  other  government,  even  going  so  far  as  to  send 

men-of-war  to  distant  waters  to  demand  reparation  for  wrongs  in- 
flicted upon  an  individual,  an  obscure  citizen  (and  that  citizen  some- 

times an  alien),  while  at  home,  the  rights  of  one  may  be  trespassed 
upon  by  another,  or  one  may  infringe  upon  the  right  of  many  in  the 
strife  and  struggle  for  gain,  even  to  the  extent  of  causing  the  death 
and  maiming  of  hundreds,  and  go  unpunished,  overlooked  and  soon 
forgotten  ?    Why  is  it  ? 

The  first  requisite  to  change  this  order  of  things  is  a  demand 

from  the  public ;  and  the  second — an  enforcement  of  such  demand 
by  adequate  laws  rigidly  and  continuously  applied.  Now  let  us 
apply  this  to  the  subject  at  hand : 

Few,  if  any,  theaters  will  ever  be  constructed  that  will  insure 
public  safety  without  question  until  the  public  demands  it  and  then 
enforces  its  will.  In  considering  the  question,  three  factors  enter 
into  the  problem :  First,  the  public  patrons ;  second,  the  ownership 
and  management;  and  third,  the  architect  and  builder. 

Considering  the  factors  independently,  and  in  the  order  in 
which  they  are  named,  we  shall  first  discuss  the  public. 

A  catastrophe  to-day  shocks,  alarms  and  disturbs  the  whole 
public;  steps  are  immediately  taken  to  investigate  the  cause  and  to 

remedy  the  evil.  To-morrow,  new  subjects  attract  the  attention  of 
the  public  and,  in  a  short  time,  all  is  forgotten.  In  the  course  of  a 
month  or  two  matters  are  much  the  same  as  before.  The  public 
crowds  the  various  theaters  indiscriminately,  the  cheap,  gaudy, 

flimsy,  life-endangering  theaters  being  as  well  patronized  as  those 
of  more  costly  structure,  in  which  an  endeavor  to  protect  the  public 
from  danger  by  a  largely  increased  expense  in  construction  has  been 
made,  and  with  fire  marshals,  building  inspectors  and  city  officials 
sitting  complacently  in  their  private  boxes  in  order  to  insure  public 
confidence. 

It  is  not  to  be  presumed  that  the  general  public  should  be  judge 
of  the  safety  of  buildings,  of  the  construction  of  which  it  knows 

*  Manuscript  received  March  21,   1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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nothing,  but  it  should  demand  self-protection  through  its  laws  and 
its  guardians.  As  I  have  already  said,  until  the  public  makes  the 
demand  and  then  enforces  it,  safe  buildings  will  not  be  constructed. 

As  for  the  ownership  and  management,  we  all  know  that  those 
who  engage  in  the  construction  of  theaters  do  so  for  financial  gain, 
the  largest  receipts  for  the  smallest  investment  being,  with  few 
exceptions,  the  sole  object. 

A  theater  of  combustible  and  otherwise  dangerous  construction 
can  be  erected  for  not  more  than  one-half  the  cost  of  one  that  is 

non-combustible  and  otherwise  safe,  both  being  of  the  same  seating 
capacity  and  equally  pleasing  in  design.  All  other  things  being 
equal,  the  indiscriminating  public  will  patronize  ( excepting  perhaps 
for  a  short  period  after  a  fatal  catastrophe  has  occurred  at  some 
theater)  the  house  of  dangerous  construction  as  freely  as  the  other; 
consequently,  the  owner  of  the  house  of  cheap  construction  will 
make  twice  as  much  percentage  upon  his  investment  as  the  owner 

of  a  house  of  more  expensive  construction.  Why  should  an  in- 
vestor construct  a  fireproof  and  safe  building,  knowing  the  condi- 

tions and  the  field  of  competition  against  him?  You  say  there  is 
the  moral  responsibility.  Yes,  it  is  true,  but  among  financiers  and 
theatrical  managers  such  is  generally  considered  only  after  the  fires 
-begin  to  burn. 

In  the  patrons  and  in  the  ownership  of  such  theaters  we  have 
the  two  opposing  forces ;  the  public,  the  buyer ;  and  the  owner  or 

manager,  the  seller.  Until  they  adjust  their  dififerences,  the  archi- 
tect, in  this  country,  has  but  little  call  to  exercise  his  ingenuity  in 

devising  a  safe  theater. 

The  question  of  devising  laws  having  jurisdiction  over  private 

property  and  enterprise,  and  having  them  properly  and  justly  ad- 
ministered, is  a  vexed  one,  and  the  results  are  questionable. 

In  many  of  the  cities  of  Continental  Europe,  the  theaters,  opera 
houses  and  places  of  amusement  are  owned  and  managed  by  the 
municipalities,  which  not  only  protect  the  public  from  the  dangers 
of  poorly  constructed  houses,  but  afford  it  a  higher  standard  of 
entertainment  and  amusement.  Supposing  the  time  had  arrived 

when  the  construction  of  all  theaters  was  upon  the  same  footing — 
that  one  owner  had  no  advantage  over  another,  but  all  were  com- 

pelled to  build  equally  good  structures — then  the  architect  would  be 
at  liberty  to  devise  the  methods  of  construction  necessary  to  produce 
the  desired  result. 

The  greatest  danger  that  threatens  a  gathering,  consisting  of 
a  number  of  people,  is  a  panic,  caused  from  fright  and  conditions 
that  threaten  their  lives.  The  problem  to  be  dealt  with  is  to  remove 
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the  cause  of  all  apprehension  and  to  inspire  an  audience  with  the 
utmost  confidence.  To  accomplish  this,  not  only  every  feature  that 
endangers  life,  but  every  feature  that  may  cause  alarm  in  the  most 
timid  must  be  removed.  Danger  from  without,  as  well  as  from 
within,  must  be  guarded  against.  Exits  must  be  numerous,  free 
and  unrestricted ;  nothing  arouses  a  sense  of  insecurity  quicker  than 
a  feeling  that  the  way  of  retreat  is  menaced  or  closed.  Danger  must 
not  only  be  eliminated,  but  proof  to  the  public  that  such  has  been 
done  must  be  made  by  actual  demonstrations  and  tests. 

Having  placed  the  problem  before  you  as  I  view  it,  a  few  sug- 
gestions upon  a  method  for  accomplishing  the  result  desired  may  be 

of  interest.  First,  I  will  consider  the  danger  from  without.  A 

theater  may  be  within  itself  safe,  yet  it  may  be  so  confined  within 
the  walls  of  a  contiguous  building,  or  other  buildings  located  so 

closely,  as  to  endanger  and  alarm  an  audience  in  case  of  an  extrane- 
ous fire.  This  also  might  be  caused  by  limiting  the  surrounding 

spaces  to  such  an  extent  as  to  cause  congestion  of  the  public  ways, 
especially  should  these  be  already  filled  by  an  excited  throng,  as 
might,  under  the  circumstances,  be  the  case.  To  obviate  these 
difficulties.  I  would  erect  theaters  and  such  buildings  within  open 
spaces,  such  as  the  centers  of  public  squares,  and  arrange  them  in 
such  a  manner  that  no  other  building  would  come  in  contact  or  even 
within  a  distance  of  100  feet  of  them. 

In  order  to  discuss  such  a  construction  intelligently,  it  must 
be  done  from  a  practical  standpoint,  and  certain  statements  which  I 
make  must  be  considered  as  facts,  as  follows :  First,  an  isolated 

theater,  constructed  of  non-flammable  or  non-combustible  material, 
and  in  which  no  combustible  material  whatever  is  stored,  will  not  of 

itself  burn ;  second,  the  general  public,  when  witnessing  a  scene 
depicted  upon  a  stage,  is  not  yet  capable  of  drawing  upon  its 
imagination  to  such  an  extent  as  to  supply  a  lack  of  scenery,  as  is 
the  case  with  the  theaters  of  the  Chinese  and  Japanese.  This  being 

the  case,  it  has  been  found  impracticable  in  nearly  all  theaters  to 
make  scenery  of  anything  but  inflammable  material.  This  granted, 

we  must  meet  the  practical  demand,  and  the  proposition  to  be  con- 
sidered becomes : 

A  theater,  all  parts  of  which,  excepting  the  stage,  are  incom- 
bustible, and  not  subject  to  the  heat  of  combustible  materials;  a 

stage,  which  may  be  combustible,  and  subject  to  highly  inflammable 
materials.  With  these  as  the  two  factors,  the  problem  becomes  a 
question  of  completely  isolating  the  theater  and  constructing  a  stage 
that  may  be  completely  and  effectually  cut  off  from  the  balance  of 
the  theater,  in  such  a  manner  as  to  prevent  the  radiation  of  heat 
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or  the  escape  of  gases.  To  accomplish  this  is  not  a  difficult  task — 
not  so  difficult  as  many  imagine,  although  it  cannot  be  done  without 
some  extra  expense. 

There  are  many  ways  to  form  such  a  construction.  A  stage 
should,  in  my  opinion,  be  considered  as  a  huge  furnace,  constructed 
with  double  walls,  air  spaces  and  wickets  for  passage,  lined  with 

fire  brick,  and  provided  with  great  stacks  directly  over,  with  highly 

inflammable  valves  in  each ;  the  proscenium  opening  being  con- 
sidered the  door.  This  should  be  closed,  not  by  a  great  sheet,  or 

make-believe  "fireproof"  curtain,  that  may  be  ripped  asunder  by  the 
force  of  the  great  drafts  of  air,  or  fail  under  such  pressure  to  de- 

scend to  the  stage  floor,  but  by  fire-  and  gas-proof  movable  walls, 
composed  of  boiler  iron  or  steel  tanks,  formed  in  several  rising 

sections,  one  sliding  past  another,  as  the  space  may  demand.  These 

sections  could  be  formed  like  great  box  girders,  the  top  flange  of 

one  hooking  into  a  groove  filled  with  sand,  on  the  bottom  flange 

of  the  next,  and  so  on,  the  ends  being  confined  in  cast-iron  grooved 
ways.  Each  tank  or  section  should  be  completely  filled  with  water, 

and  all  counterbalanced  by  attaching  chains  at  several  different 

points  in  their  length ;  all  operated  by  hydraulic  pressure  and  worked 
automatically. 

Or  the  same  general  scheme  might  be  adopted  and  constructed 
of  steel  and  porous  terra  cotta,  or  of  steel  imbedded  in  concrete. 

The  result  is :  Destroy  the  stage,  if  necessary,  but  save  the  people. 
I  am  confident  that  a  stage  can  be  so  constructed  that  it  may  be 

burned  out  without  the  knowledge  of  the  audience  at  the  time  sit- 
ing before  it. 
A  menace  from  fire  from  other  sources,  internal  or  extraneous, 

must  be  guarded  against.  No  carpets,  draperies  or  upholstering 
whatever  (from  a  sanitary  standpoint  as  well  as  from  the  danger 
of  fire)  should  be  permitted.  No  room  or  space  in  or  about  the 
building  forward  of  the  stage  should  be  used  for  the  storage  of 
anything.  No  gas  of  any  kind  should  be  permitted  within  the 
building  or  its  approaches.  A  double  system  of  electric  wiring 
should  be  used  to  insure  against  accident,  each  system  being  taken 
from  separate  dynamos. 

No  obstructions,  permanent  or  movable,  of  any  kind  whatever 

should  be  permitted  in  passageways.  Cloakrooms  should  be  con- 
structed on  the  same  principle  as  suggested  for  the  stage,  i.  e.,  with 

fireproof  walls,  ceilings  and  doors,  and  large  flues  opening  above  the 
roof  of  the  theater,  that  smoke  and  other  gases  might  be  quickly 
and  completely  carried  ofif,  in  case  fire  should  start  within  them. 
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Xo  business  whatever,  other  than  for  theatrical  or  similar  pur- 
poses, should  be  conducted  within  or  contiguous  to  the  building. 

The  planning  of  the  building,  the  proper  distribution  and  proportion 
of  exits,  the  staircases,  widths  of  aisles,  spaces  between  rows  of 
seats,  as  well  as  the  various  and  numerous  ways  of  extinguishing 
fires.  I  will  not  take  time  to  mention,  more  than  to  suggest  that,  of 
course,  it  would  be  wise  economy  to  employ  upon  the  stage  such 

fire-preventing  and  extinguishing  appliances  as  may  be  approved. 
In  other  parts  of  the  building  such  precautions  would  not  be  neces- 
sarv. 
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ORIGIN  OF  THE  UNITED  STATES  LAND  SURVEYS. 

By  W.  a.  Truesdell,  Member  of  the  Civil  Engineers'  Society  of  St.  Paul. 

[Read  before  the  Society,   March   14,   1904.*] 

There  would  be  a  good  opportunity  in  the  field  of  historical 

research  for  someone  to  write  a  history  of  the  early  land  surveys 
and  the  origin  of  the  system.  The  author  who  attempted  it  would 
be  greatly  surprised  at  the  outset,  for,  in  the  line  of  special  history, 
he  would  find  a  remarkable  scarcity  of  material,  and  in  official 

records  and  reports,  where  he  would  naturally  look,  absolutely 
nothing.  With  those  who  had  ever  considered  the  subject  he  would 
encounter  a  wide  diversity  of  opinion,  and  among  the  men  who  at 

different  times  had  been  credited  with  the  method  there  would  ap- 
pear the  names  of  Jefferson,  Thomas  Hutchins,  Rufus  Putnam, 

Jared  Mansfield,  Edward  Tiffin,  William  Henry  Harrison,  and 
Washington,  for  it  is  true  that  all  of  these  men  have  had  supporters, 
and  evidence  has  been  produced  and  arguments  made  to  show  that 
each  of  them  originated  the  present  method  of  United  States  land 
surveying. 

At  first,  and  for  many  years,  it  was  supposed  that  Jared  Mans- 
field devised  the  plan.  This  opinion  was  due  to  some  very  erroneous 

historical  statements  in  the  early  editions  of  Davies'  "Treatise  on 
Surveying,"  where  it  was  said  that  Mansfield  alone  originated  the 
system,  that  no  general  plan  had  been  in  use  by  the  Government 
before  the  year  1802,  and  one  would  infer  from  the  language  of  the 
text  that  the  method  was  invented  on  short  notice  and  applied  to 
immediate  use  in  the  Northwest  Territory. 

Professor  Davies'  statements  had  a  baneful  effect,  because  they 
taught  false  history.  Instead  of  being  an  instantaneous  production 

and  the  work  of  one  man,  the  method  of  United  States  land  survey- 
ing is  the  result  of  development,  extending  over  several  years  of 

time,  and  has  been  built  up  the  same  as  other  systems  of  business. 

Mansfield's  services  on  the  early  surveys  were  invaluable,  for 
it  was  he  who  reduced  confusion  to  order  and  perfected  the  system. 
Nevertheless  there  were  men  before  him  who  had  originated  that 
system,  applied  it  to  practice  for  seventeen  years  and  had  opened  up 
a  field  wherein  he  might  improve,  but  could  not  invent. 

In  the  above-mentioned  names  there  are  three  at  least  who  are 
entitled  to  consideration.  At  the  same  time  we  could  give  credit 
to  one  or  two  others.    Thomas  Hutchins,  Rufus  Putnam  and  Jared 

*  Manuscript  received  March  23,   1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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^Mansfield,  each  in  turn,  conducted  the  early  surveys,  and  the  terms 

of  their  services  cover  a  period  of  27  years,  during  which  the  system 

Avas  inaugurated,  developed  and  brought  to  a  final  completion. 

A  detailed  account  of  these  men  while  engaged  on  this  public 

service,  their  characteristics,  acquirements  and  qualifications  for  the 

duties  required  of  them,  their  management  of  the  work  and  the 

manner  in  which  it  was  executed,  the  part  that  each  one  contributed 

and  how  they  acquitted  themselves  would  form  a  very  interesting 

chapter  in  American  history. 

What  might  be  called  a  germ,  which  afterward  grew  to  matur- 
ity, was  a  plan  devised  and  submitted  by  Thomas  Hutchins  12  years 

or  so  before  the  Revolution.  In  the  famous  Indian  expedition  com- 
manded by  Col.  Henry  Bouquet,  Hutchins  was  a  captain  in  one  of 

the  regiments  and  served  as  engineer  officer.  After  the  return  to 

Philadelphia  a  report  was  printed,  a  part  of  which  consisted  of  a 

scheme,  submitted  by  Captain  Hutchins  to  the  Colonial  Government, 

for  the  protection  of  settlers  on  the  frontier  against  Indian  hostili- 
ties. His  plan,  which  was  written  out  in  detail  and  illustrated  by  a 

map,  was  this : 

For  a  colony  of  100  families,  or  500  people,  lay  out  a  tract  of 

land  I  mile  square  on  some  stream,  and  in  the  center  build  a  stock- 
aded fort.  Divide  the  remaining  land  around  the  fort  into  streets 

and  lots,  100  lots  in  all,  of  about  5^  acres  each,  one  lot  for  each 

family  to  build  upon.  Around  the  4  sides  lay  out  8  more  squares, 

each  a  mile  in  size,  one  of  them  to  be  reserved  for  woodland  and  the 

others  to  be  divided  into  plantations  or  farms  for  the  colonists,  a 

farm  for  each  family.  In  this  plan  Captain  Hutchins  used  the  word 

square.  Repeat  the  operation  and  lay  out  another  colony  imme- 
diately adjoining  or  some  miles  distant,  according  to  the  necessity  or 

circumstances.  In  this  manner  cover  the  whole  frontier  line  with 

a  row  of  forts  and  colonies. 

This  was  the  first  suggestion  ever  made  for  dividing  land  into 

regular  tracts  i  mile  in  size,  and  it  has  been  considered  by  some  to 

be  the  origin  of  the  method  long  after  adopted.  What  result  this 

plan  had  on  subsequent  legislation,  when  the  first  land  law  was 

enacted,  can  never  be  known.  It  must  have  been  widely  read  at  the 

time,  and  in  some  manner  might  have  been  instrumental  in  the 

formation  of  the  system  of  surveying  our  public  domain. 

The  next  step,  or  perhaps  what  might  be  called  a  first  step  in 

the  origin  of  the  method  was  this:  In  1783,  after  the  close  of  the 

war,  but  before  the  army  was  disbanded,  a  mass  meeting  of  nearly 

300  officers  was  held  and  a  petition  to  Congress  drawn  up.  The 

prime  mover  was  Rufus  Putnam,  and  probably  he  wrote  the  petition 
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which  asked  Congress  to  grant  that  all  the  lands  they  were  to  re- 
ceive under  the  act  of  1776  should  be  in  one  body  and  located  be- 

tween the  Ohio  River  and  Lake  Erie.  Putnam  was  charged  with 
the  duty  of  presenting  the  petition  to  Congress,  which  he  did, 
through  his  friend  Washington,  to  whom  he  wrote  a  long  letter,  in 
which  he  gave  his  reasons  why  the  petition  should  be  granted.  In 
this  letter  General  Putnam  used  the  following  language : 

"The  petitioners  hope  that  no  grant  will  be  made,  except  by 
tozvnships  6  miles  square,  or  6  by  12,  or  6  by  18,  to  be  divided  b_\' 
the  proprietors  to  6  miles  square,  that  being  the  standard  on  which 

they  wish  all  calculations  to  be  made." 
Mark  the  word  township.  This  is  considered  by  many  people 

who  know  the  facts  to  be  the  origin  of  the  method  which  was  after- 
ward put  in  practice.  It  was  the  first  suggestion  ever  made,  or  the 

first  plan  ever  proposed,  of  which  there  is  any  record,  for  dividing 
the  lands  of  the  Northwest  Territory  according  to  a  method  which 
two  years  later  was  enacted  into  a  law.  That  Putnam  was  the 
author  of  the  idea  there  can  be  no  doubt.  He  had  been  a  land  sur- 

veyor the  greater  portion  of  his  life,  and  must  have  known  from 
experience  the  advantages  of  dividing  land  in  that  manner  over  the 

old  metes  and  bounds  practice  that  had  long  prevailed  in  the  colo- 
nies. 

It  w^ould  be  interesting  to  know  why  Putnam  was  so  firmly 

committed  to  a  6-j.iiile  square  township,  for  in  his  request  for  that 
standard  he  appears  to  be  somewhat  set  in  his  opinion. 

The  surveyors  of  the  Western  Reserve,  long  after,  considered 

a  5-mile  square  township  to  be  the  proper  size,  which  they  sub- 
divided into  quarters  of  4000  acres  each,  with  the  expectation,  per- 

haps, that  a  further  division  would  be  made  into  sixteenths  of  1000 

acres  and  possibly  again  into  500-acre  tracts.  This  was  a  good 
land  division,  and  a  plan  that  would  naturally  have  many  supporters 
with  those  who  gave  thought  to  the  subject.  It  was  very  simple  and 
semidecimal  in  feature,  but  the  subdivisions  were  too  large. 

It  is  a  question  whether  the  5-mile  township  would  not  have 

been  better  than  the  one  afterward  adopted.  Many  modern  sur- 
veyors would  answer  in  the  affirmative.  It  was  about  the  correct 

size,  and  would  have  been  a  sort  of  amendment  to  Jefferson's  first 
plan  by  which  sections  could  have  been  grouped  by  hundreds. 

But  the  township  was  necessary,  whether  it  was  5  or  6  or  10 
miles  square,  because  the  subsequent  subdivisions  into  sections  was 
a  natural  procedure.  The  mile  was  a  standard  measure  or  a  unit 
of  length,  so  the  square  mile  became  a  unit  of  surface,  which  could 
be  divided  to  fractions  sufficiently  large.     A  division  by  sections 
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alone  would  soon  have  become  cumbersome,  and  a  larger  unit  or 
measure  like  the  township  could  not  be  avoided. 

The  method  of  public  land  surveys  first  assumed  a  definite  and 

permanent  form  by  congressional  action  in  1785.  At  that  time  the 
question  of  raising  revenue  was  paramount,  and  the  wild  lands  in 

the  West  were  looked  to  for  that  purpose.  A  committee  was  ap- 

pointed, of  which  Thomas  Jeft'erson  was  chairman,  t©  submit  a  plan 
for  putting  those  lands  upon  the  market.  The  report  proposed,  as  a 

preliminary,  to  divide  the  territory  into  tracts  10  miles  square,  to 

be  called  "hundreds,"  and  these,  in  turn,  into  100  squares,  a  mile  in 

size,  to  be  called  "lots."'  Jefferson's  work  is  apparent  in  this  scheme. 
The  tracts  were  afterward  reduced  to  7  miles  square,  and  again  to 

6  miles.  After  considering  the  whole  subject  for  over  a  year  Con- 
gress adopted  the  report  as  amended,  and  it  became  a  law,  which  is 

known  as  the  Ordinance  of  1785. 

This  is  the  origin,  by  law,  of  the  method  of  surveying  the  public 
lands  of  the  United  States  and  the  first  legislation  on  that  subject. 

Nothing  is  known  officially  beyond  this  act  and  who  the  men  were 

that  influenced  the  legislation,  and  by  what  manner  or  means  the  re- 
sult was  accomplished  will  never  be  known.  If  we  could  reveal 

some  unwritten  history  of  about  that  date  the  name  of  Rufus  Put- 
nam might  be  conspicuous  and  perhaps  Hutchins  also,  for  they  were 

both  prominent  men,  of  great  ability,  and  possessed  character  and 

influence.  Their  advice  would  naturally  be  sought  for  and  appre- 
ciated by  those  who  framed  the  law. 

In  this  act  the  words  township  and  range  appear  for  the  first 
time.  Lots  were  changed  to  sections  and  their  numbering  made  as 
at  present  at  a  later  date. 

The  Ordinance  of  1785  provided  for  the  following: 
The  division  of  territory  into  townships  of  6  miles  square. 
Xumbering  of  townships  from  south  to  north,  beginning  each 

range  with  No.  i,  and  ranges  to  be  numbered  by  progressive  num- 
bers to  the  westward. 

All  lines  to  be  marked  on  trees  and  described  on  plats. 

A  plat  of  each  township  to  be  made,  "and  all  mines,  salt  springs, 
mill  sites,  salt  licks,  water  courses,  mountains  and  all  other  remark- 

able or  permanent  things  over  and  near  which  such  lines  shall  pass, 

shall  be  marked  on  the  plats,  and  also  the  quality  of  the  soil." 
Plats  of  townships  shall  be  marked  by  subdivisions  into  lots  of 

I  mile  square  or  640  acres,  and  numbered  from  i  to  36.     In  frac- 
tional townships  the  lots  shall  be  numbered  as  if  the  township  was 

entire. 24 
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External  lines  of  townships  to  be  marked  at  every  mile  with 
lot  corners. 

All  lines  to  be  run  by  the  true  meridian  and  the  magnetic  varia- 
tion to  be  noted  on  all  plats. 
A  tract  of  country  west  of  the  Pennsylvania  line  and  south  of 

the  Connecticut  Lands  was  directed  to  be  surveyed  in  this  manner, 
and  work  was  9ommenced  in  the  early  summer  of  1786. 

The  office  of  Geographer  of  the  United  States  was  created,  who 

w^as  to  have  personal  charge  of  all  surveys,  and  Thomas  Hutchins 
was  appointed  to  the  position.  He  was  the  first  and  only  incumbent 
of  that  office.    One  surveyor  from  each  State  was  also  appointed. 

Hutchins'  record  while  in  charge  of  the  work  comprised  the 
survey  of  that  tract  known  as  the  Seven  Ranges  and  a  small  portion 
of  country  between  the  Great  Miami  and  Little  Miami  Rivers. 

It  was  his  good  fortune  to  inaugurate  a  public  work  which 
in  time  grew  to  enormous  proportions,  and  became  of  invaluable 

benefit  to  the  people  of  this  country,  a  work  whose  results  will  re- 
main for  all  time.  He  deserves  what  credit  is  his,  for  he  was  an 

accomplished  surveyor  and  had  been  a  brave  soldier.  In  his  ap- 
pointment the  Continental  Congress  made  a  good  selection. 

A  commencement  was  made  at  the  south  end  of  the  Pennsyl- 
vania boundary,  on  the  north  bank  of  the  Ohio  River,  and  a  line  run 

42  miles  westward,  which  has  always  been  known  as  the  Geograph- 

er's Line.  Afterward  the  country  was  run  into  ranges  southward  to 
the  Ohio  River,  and  then  into  townships  by  east  and  west  lines,  but 
it  was  several  years  before  all  subdivisions  into  lots  were  completed. 
Hutchins  did  not  live  to  see  the  end  of  his  work,  but  died  while  in 

harness.  The  surveys  were  then  managed  by  the  Treasury  Depart- 
ment and  for  some  years  after  the  beginning  of  the  present  Govern- 

ment. 

At  this  time  the  Indians  assumed  a  hostile  attitude,  which  soon 

led  to  a  long  and  bloody  war.  Immigration  came  to  a  standstill  and 

the  public  surveys  also,  but  after  Wayne's  decisive  victory  and  the 
treaty  of  Greenville,  which  brought  a  permanent  peace,  people  began 
to  look  again  for  homes  in  the  Northwest  Territory,  and  what  might 
be  called  a  record  era  in  land  surveying  commenced. 

This  was  opened  by  the  act  or  law  of  1796,  which  provided 
among  other  things  for  the  survey  of  all  lands  not  already  disposed 
of,  changing  the  name  of  lots  to  sections  and  introducing  the  present 

method  of  numbering  them,  and  creating  the  office  of  Surveyor- 
General,  which  was  filled  by  the  appointment  of  Rufus  Putnam. 

It  is  not  within  the  province  of  this  paper  to  give  a  detailed 
history  of  the  surveys  conducted  by  Putnam  under  this  law.    They 



ORIGIN  OF  THE  UNITED  STATES  LAND  SURVEYS.  199 

were  soon  commenced  west  of  the  Seven  Ranges  and  also  beyond 
the  Great  ̂ liami  River,  but  principally  in  the  IMilitary  Bounty  Tract, 
and  were  carried  forward  as  fast  as  surveyors  could  perform  the 
work  or  while  there  was  money  appropriated. 

For  some  reason  the  townships  in  the  Alilitary  Bounty  Tract 
were  made  5  miles  square  and  subdivided  into  quarters.  This  small 
piece  of  country  is  the  only  instance  where  the  general  Government 
surveyed  land  in  that  manner. 

About  the  time  Putnam  began  operations,  or  a  short  time  pre- 
viously, surveys  were  commenced  in  the  Western  Reserve,  under  the 

general  charge  of  Seth  Pease,  who  was  on  the  ground  with  a  num- 
ber of  parties.  The  surveyor-in-chief  began  by  running  the  41st 

parallel  westward  as  a  south  boundary  to  the  Connecticut  Lands ; 

then  commencing  at  the  eastern  end  of  the  Reserve  to  lay  out  town- 
ships 5  miles  square,  he  worked  westward,  but  it  was  several  years 

before  all  the  land  was  divided. 

\\'hen  Surveyor  Pease  began  to  number  ranges  in  the  Western 
Reserve,  from  the  Pennsylvania  line  to  the  west,  and  townships  to 

the  north  from  the  41st  parallel,  he  did  a  very  important  thing  with- 
out knowing  it.  He  invented  the  system  of  principal  meridians  and 

base  lines.  The  Pennsylvania  line  had  been  run  12  years  before  as 
a  west  boundary  to  that  State.  Pease  ran  the  41st  parallel  as  a 

south  boundary  to  the  lands  owned  by  Connecticut.  They  were 
known  to  him  as  boundary  lines,  yet  he  made  them  a  principal 
meridian  and  base  line,  something  which  he  could  not  avoid  doing 
and  what  anyone  else  would  have  done. 

Putnam  numbered  the  ranges  and  townships  of  the  Military 
Bounty  Tract  in  the  same  manner.  He  made  a  principal  meridian 
of  the  west  line  of  the  Seven  Ranges  and  a  base  line  of  the  south 
boundary  to  the  tract.  He  did  not  know  that  he  was  bringing  out 
an  idea  which  his  successor  in  office  would  elaborate  on  a  very 
extensive  scale. 

If  the  scheme  of  establishing  2  main  lines  for  the  government 
of  all  surveys  in  an  extensive  tract  of  country  was  original  with 
Mansfield,  he  certainly  must  have  found  its  inception  .in  the  Ohio 

surveys  when  he  became  Surveyor-General. 
General  Putnam  remained  in  charge  of  the  Western  surveys 

until  the  summer  of  1803,  when  he  was  removed  by  President 
Jeflferson,  and  what  might  be  called  the  second  chapter  in  the 
history  of  this  work  came  to  an  end  with  his  retirement  from  office. 

How  much  credit  should  be  given  to  Putnam  for  the  origin  of 
this  method  ?  Just  about  all  of  it.  The  pith  of  the  whole  system  is 
the  division  of  vacant  territory  into  townships  6  miles  square,  and 
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Putnam  was  the  author  of  that  idea.  All  the  other  features  are 

merely  attachments.  The  main  part  of  an  invention  is  the  principle. 
He  who  devises  this  is  the  inventor.  Others  always  follow  who 
make  improvements,  until  the  invention  approaches  completion. 
Whether  Putnam  completed  the  method  in  all  its  details  or  not,  he 
first  suggested  the  idea  which  became  the  principal  part  of  the  whole 
structure.  This  is  his  record  on  the  upbuilding  of  that  structure. 
If  a  history  of  the  public  land  surveys  is  ever  written,  the  name  of 
Rufus  Putnam  should  stand  above  all  others. 

At  this  period  Jared  Mansfield  took  charge  of  the  work  as  the 

second  Surveyor-General.  Jefferson  had  become  dissatisfied  with 

Putnam's  manner  of  conducting  the  surveys,  and  had  sent  [Mans- 
field to  rectify  errors  and  introduce  something  more  like  scientific 

method.  Putnam  had  claimed  that  the  lines  could  be  run  by 
true  meridian  only  wnth  difficulty,  and  that  it  was  as  well  to  use 
a  fixed  variation,  whether  the  lines  were  north  and  south  or  not. 

Jefferson  was  too  educated  a  man  to  coincide  with  this  opinion  and 

demanded  something  superior.  Herein  is  where  his  work  and  influ- 
ence on  the  early  surveys  occur,  and  if  he  is  to  be  credited  with  a 

share  in  planning  the  present  system,  it  is  in  this  demand  for  a 
better  practice  and  his  efforts  to  obtain  it. 

What  did  Mansfield  do  as  a  Surveyor-General  ?  This  is  a  diffi- 
cult question  to  answer.  If  he  ever  told  his  Government  of  anything 

he  had  done,  that  report  is  not  available.  It  is  doubtful  if  there  ever 
was  another  official  of  this  Government  of  whose  services  so  little 

is  known.  In  the  wdiole  field  of  biographical  literature  the  record 
is  silent  as  to  his  individual  share  in  building  up  this  edifice.  One 
is  sometimes  led  to  believe  that  it  was  Jefferson  himself  who  first 

proposed  the  scheme  of  a  framework  consisting  of  a  2  astronomi- 
cally measured  lines,  and  that  he  sent  Mansfield  to  execute  his  ideas. 

In  our  researches  we  are  able  to  gather  a  few  scraps  of  information, 

here  and  there,  from  which  we  learn'  very  little,  but  can  infer  much. 
We  are  told  in  his  son's  "Personal  Memoirs"  that  he  established  three 
principal  meridians  in  Ohio  and  Indiana  while  he  was  Surveyor- 
General,  but  this  undoubtedly  is  second-hand  information.  We  know 
from  a  report  of  the  Secretary  of  the  Treasury  how  much  money 
had  been  expended  on  public  surveys  in  each  Territory  up  to  the  end 
of  181 2,  the  date  when  Mansfield  resigned. 

Furthermore,  we  are  given  an  account  of  the  work,  so  far  as  it 

had  progressed  to  1817,  by  some  Western  writer  in  "Niles'  Register" 
of  that  year,  but  it  does  not  separate  Mansfield's  work  from  that  of 
his  predecessors. 

For  the  first  two  years  Mansfield  remained  in  Ohio,  and  con- 
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tinned  the  public  surveys  as  they  had  previously  been  conducted. 
There  was  nothing  else  he  could  do.  for  it  was  too  late  to  introduce 
much  improvement.  He  probably  ran  the  correctional  meridian 
from  the  Ohio  River  north  to  the  JMilitary  Bounty  Lands,  in  order 

to  close  up  the  distorted  surveys  on  the  east  and  to  commence  cor- 
rect ones  on  the  west  to  the  Scioto  River.  He  must  have  ran  the 

Ohio-Indiana  boundary  line,  at  least  that  part  of  it  north  of  Fort 

Recover}-,  as  a  State  line.  This  afterward  became  the  first  princi- 
pal meridian,  and  was  used  for  that  purpose  by  Edward  Tiffin, 

who  followed  as  Surveyor-General. 
If  ̂ lansfield  did  establish  three  principal  meridians  in  Ohio  and 

Indiana  these  lines  nmst  have  been  two  of  them. 

In  1805  ̂ Mansfield  went  to  Indiana  with  several  surveyors,  and 
here  is  where  he  displayed  his  scientific  acquirements.  He  made 
a  first  commencement  with  that  system  of  surveying  which  has  been 
followed  for  100  years  and  continued  nearly  to  completion.  He 

found  in  Indiana  Territory  a  large  tract  of  country  where  no  one 
had  worked  before,  entirely  removed  from  the  checkerboard  work 
in  Ohio,  and  he  proceeded  to  put  his  dwn  ideas  into  execution,  with 
the  present  second  meridian  and  its  base  line  as  a  result. 

Here  is  where  ̂ lansfield  was  superior  to  Putnam  or  Hutchins. 
But  he  had  opportunities  which  they  had  never  known,  and  was  not 
hampered  by  the  stipulations  of  any  law.  He  had  been  given  full 
rein,  and  let  it  be  said  to  his  credit  that  he  made  good  use  of  the 
privilege.  They  had  considered  a  tract  of  country  to  be  a  plane 
surface.  Mansfield  considered  it  a  spherical  surface,  and  knew  that 

range  lines  running  north  would  approach  each  other,  with  the  6- 
mile  distance  apart  gradually  growing  less,  which  would  in  time 
require  rectifying.  This  he  did  by  devising  a  system  of  standard 
parallels  or  correction  lines,  which  he  called  parallels  to  the  equator. 

Some  time  after  this  surveys  were  commenced  on  the  third 
principal  m.eridian  and  later  on  the  Michigan  meridian,  and  there  is 

reason  to  believe  from  the  writer  in"Niles'  Register"  that  he  planned 
the  fourth  meridian  and  perhaps  the  fifth.  When  he  resigned  his 
office  the  system  was  complete.  His  methods  have  been  followed 

ever  since,  and  extended  over  the  whole  vast  public  domain  to  the 
shores  of  the  Pacific. 

This  is  Jared  Mansfield's  record  on  the  public  surveys  of  this 
countrv,  and  it  is  certainlv  a  verv  creditable  one. 
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ADDRESS. 

By  George  T.  Wickes,  President  of  the  jNIgntana  Society  of  Engineers. 

[Read  before  the  Society  at  its  Fourteenth  Annual  Electing,  Helena,   Mon- 

tana, January  9,   1904.*] 

Gentlemen  of  the  Montana  Society  of  Engineers: 

Searching  for  a  subject  upon  which  to  address  you  with  the 
hope  of  interesting  you,  in  way  of  some  engineering  proposition 

or  work,  has  been  fruitless.  The  local  engineer's  practice  rarely 
yields  subjects  of  interest,  save  only  to  those  for  whom  the  work 
is  undertaken.  I  have  therefore  thought  that  perhaps  I  might 
entertain  you  for  a  brief  time  in  giving  a  few  reminiscences,  which 
may  have  in  their  favor  a  little  worth  in  giving  an  idea  of  the  great 
changes  that  have  come  over  the  Western  country  in  comparatively 
but  few  years. 

My  earliest  far  Western  experience  commenced  at  Wyandotte, 
now  Kansas  City,  Kansas,  in  the  years  1862  and  1863. 

Kansas  City,  it  now  seems  to  me,  could  not  then  have  had  a 

total  population  of  over  3500 — Wyandotte  not  half  that.  Leaven- 

worth was  then  the  metropolis  of  the  "border,"  from  which  the 
freight  teams  departed  in  large  trains,  loaded  for  the  West  and  for 
New  Mexico.  Leavenworth  could  not  have  had  a  population  of  over 
5000.  Kansas  City  had  evidently  seen  better  days,  judging  from 
the  then  vacant  warehouses  on  the  bank  of  the  Missouri  River. 

Between  Wyandotte  and  Kansas  City  was  a  rope  ferry  over  the 
Kansas  or  Kaw  River,  and  then  a  fine  stretch  of  timber  land,  largely 
of  handsome  oaks,  but  at  times  not  considered  a  safe  place  to  travel 

through  alone.  This  was  practically  on  the  "border"  then,  near 
to  the  edge  of  the  "Great  American  Desert,"  as  it  was  called  in  the 
geographies. 

Beyond  Wyandotte,  west  40  miles,  was  a  small  settlement  called 
Lawrence ;  then,  a  few  miles  farther,  a  still  smaller  congregation  of 
stone  houses  at  Topeka;  then  came  Fort  Riley;  adjoining  this  a 
few  saloons,  with  their  usual  adjuncts,  at  Junction  City.  This  was 

the  true  "border,"  125  miles  west  from  the  Missouri  River. 
Beyond  Fort  Riley,  then  the  farthest  western  United  States 

Government  military  post,  and  before  reaching  the  Rocky  Moun- 
tains, was  a  vast  rolling  plain,  500  miles  wide,  and,  to  the  best  of  my 

recollection,  with  not  a  tree  in  the  whole  distance. 

This  country,  however,  was  covered  with  a  thick  matting  of 

*  Manuscript   received   April    5,    1904. — Secretary,    Ass'n    of   Eng.    Socs. 
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buffalo  grass ;  a  surprising  thing,  for  it  grew  from  a  hard-baked 
surface  soil,  something  like  a  concrete  pavement  of  to-day.  From 
this  hard  surface  would  be  emitted  a  rumbling  noise,  like  the  roll  of 
distant  thunder,  when  herds  of  buffalo  were  on  stampede  over  it. 

There  were  vast  herds  of  these  buft'alo,  whose  numbers  I  would 
not  attempt  to  estimate,,  but  I  have  looked  over  them,  dotting  the 
plains  as  far  as  I  could  see,  with  a  field  glass.  One  was  also  scarcely 
ever  out  of  sight  of  antelope;  and  at  night  it  would  seem  as  if , the 
infernal  regions  had  opened  wide  and  emptied  a  howling  multitude 
around  us.  from  the  baying  and  yelping  of  wolves  and  coyotes. 
The  presence  of  Indians  was  an  uncertain  matter.  One  never  knew 

where  they  were.  Perhaps  for  days  there  would  not  be  a  sign  of 
an  Indian  in  the  country ;  then,  all  at  once,  and  always  in  the  most 
unexpected  manner,  they  would  seem  to  rise  out  of  the  earth  all 
around;  it  would  be  a  veritable  rising  out  of  the  earth,  for  they 
would  circle  around  inside  the  many  deep  canyons  and  come  up, 
from  all  directions,  as  if  they  were  coming  out  from  holes  in  the 

ground. 
Five  hundred  miles  of  such  country  did  not  seem,  then,  like 

any  500  that  might  be  mentioned  nowadays  in  any  part  of  the 
globe.  We  have  become  so  accustomed  to  great  distances,  and  to 
fast  travel  over  them,  that  it  is  impossible  for  the  modern  man 

to  realize  the  sensation  of  starting  for  a  500-mile  ride  horseback,  or 
by  mule  or  bull  train.  Leaving  the  border  and  starting  for  the 
Rocky  Mountains  seemed  like  going  out  into  some  vast  wilderness, 
like  going  into  impenetrable  darkness  in  a  strange  place.  It  seems 
impossible,  now,  that  then,  at  Kansas  City,  you  could  find  no  one 
that  could  tell  you  anything  more  than  rumor  about  the  Kansas 
Trail,  as  it  was  called,  which,  by  the  way,  was  no  trail  at  all. 

It  was  known  that  John  C.  Fremont  had  crossed  the  country  in 
this  general  region,  and  there  was  a  vague  rumor  that,  some  years 
before  the  time  of  which  I  speak,  a  party  of  about  200  had  gone 
west  from  Kansas  City,  but  what  had  become  of  them  no  one  could 
be  found  that  knew. 

As  I  recollect,  Fremont  left  with  the  railroad  people  no  data 

which  would  give  any  guidance  over  this  country,  or  any  informa- 
tion as  to  what  difificulties  might  be  met  with,  in  surveying  or  pass- 

ing over  it. 

It  was  the  Indian  country  of  the  West ;  the  "wild  Indian"  of 
romance,  with  the  "Noble  Red  Man"  feature  left  out. 

At  the  time  of  which  I  speak  there  was  a  remnant  of  the  Wyan- 
dotte Indian  tribe  between  Kansas  City  and  Lawrence,  and,  a  little 

farther  west,  of  the  Pottawattamie  nation.     Some  of  these,  though 
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really  with  but  little  Indian  blood  left  in  their  veins,  were  well-to-do, 
apparently,  and,  after  a  fashion,  industrious  people ;  but  most  of 
them  were  far  different. 

While  working  between  Wyandotte  and  Lawrence  I  had  to  stay 

frequently  in  the  dwellings  and  settlements  of  some  of  these  sure- 
enough  Indians,  eat  the  food  cooked  by  the  squaws  and  sleep  on  the 
ground  or  floor,  under  the  only  shelter  to  be  had,  with  Indians 
rolled  up  in  their  blankets  around  me,  giving  a  fair  opportunity,  one 
might  judge,  to  become  acquainted  with  them.  The  squaws  had  a 
peculiarly  odoriferous  grease  that  they  delighted  to  use ;  and  the 
bucks,  though  they  had  tobacco,  mixed  it  with  dry  sumac  leaves, 
which,  until  one  became  accustomed  to  it,  seemed  like  inhaling  the 

smoke  of  burning  red  pepper.  There  was  a  "Half-Moon,"  a  "Mud- 
Eater"  and  a  "Sarcoxie"  among  them,  and  some  of  the  enterprising 
ones  had  a  squaw  to  hoe  the  corn  and  get  the  firewood,  and  another 
to  do  the  cooking. 

The  troublesome  Indians  were  the  Cheyennes,  Arapahoes  and 

Sioux,  who  harbored  between  Fort  Riley  and  the  Rocky  Moun- 
tains, chiefly  the  two  former  tribes  on  the  route  of  our  survey.  At 

this  time  also  there  were  bands  of  lawless  white  men,  robbers  and 

murderers,  always  on  the  lookout  for  an  opportunity  to  rob,  which 
invariably  meant  to  murder  as  well,  and  to  apply  quick  vengeance 
upon  some  hated  or  dreaded  individual  when  caught  off  guard. 

There  was  also  another  element,  that  did  not  make  much  noise, 

that  had  a  quiet  business  way  about  them,  that  helped  the  courts 
materially  to  rid  the  country  from  these  desperadoes.  The  local 
sheriff  had  not  infrequently  to  cut  some  fellow  down  from  the  end  of 
a  string,  one  end  having  been  used  as  a  cravat,  the  other  attached 
to  the  limb  of  a  tree,  a  jutting  log  of  a  house,  or  even  a  tall  fence 
rail,  in  the  absence  of  something  more  convenient. 

This  sort  of  thing  ended  about  1865  or  1866,  when  a  member 
from  one  of  these  gangs  turned  against  his  former  comrades  and 
brought  the  body  of  one  to  the  settlement,  with  the  story  of  a  hard 
fight  for  his  life,  for  the  purpose  of  proving  himself  not  one  of  the 
gang.  Also,  as  the  railroad  progressed  and  Eastern  people  began 

to  realize  that  it  was  possible  for  a  continental  road  to  be  com- 
pleted uniting  the  two  oceans,  immigration  began  more  rapidly  to 

come  into  the  country,  of  such  a  stamp  as  made  it  less  possible  for 

the  shrewd  lawyers  of  the  day  to  prove  the  very  questionable  alibis 

for  their  desperado  clients,  a  game  at  which  they  had  been  so  suc- 
cessful. These  were  the  best  paying  clients  of  the  time.  Also,  I 

think,  it  became  unhealthy,  as  a  business  proposition  for  themselves, 
to  accept  such  clientage. 
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\\'alking  the  streets  with  a  large  dragoon  Colt's  belted  on  the 
outside  of  one's  coat  was  so  common,  that  it  was  unremarkable ; 
and  when  out  on  surveys  my  armament,  for  instance,  was  2  of 

these  Colt's  revolvers  in  the  holsters  of  the  saddle,  2  in  the  boots  or 
on  the  hips,  with  a  Spencer  or  Henry  rifle  (that  had  come  into  use 
since  the  commencement  of  the  Civil  War)  over  the  horn  of  the 

saddle.  It  was  apt  to  be  a  question  of  life  or  death,  wdiether  or  not 
a  goodly  number  of  shots  were  immediately  ready  for  use. 

Thinking  of  the  times,  the  surroundings,  the  customs  and  daily 
incidents,  it  is  with  hesitation  that  I  write  or  speak  of  them,  for 
fear  of  being  thought  a  romancer ;  and,  when  I  look  about  me,  and 
think  of  the  intervening  time,  I  am  apt  to  imagine  that  the  earlier 
experiences  were  dreams ;  but  this  notion  is  soon  dispelled  when 
some  particular  incident  comes  to  my  mind  that  makes  such  a  notion 
impossible.  They  are  mentioned  now  only  to  show  what  marked 

changes  have  taken  place.  The  "border,"  in  1863,  was  more  than 
1000  miles  east  from  here.  Now  there  is  no  "border,"  save  Nome 
or  Bering  Strait. 

I  rarely  hear  Denver  mentioned  that  my  thoughts  do  not  go 

back  to  the  Denver  of  the  early  time,  when  going  in  with  the  pre- 
liminary surveys  of  the  Union  Pacific  Railroad,  eastern  division, 

as  it  was  called.  This  was  in  1865 ;  Evans  was  Governor  of  the 
Territory;  the  whole  of  Denver  then  consisted  of  but  2  streets, 

Laramie  and  Blake,  and  they  were  but  2  or  3  blocks  long. 
There  were  always  outfits  camped  around  the  settlement,  and 

the  streets  were  filled  with  miners,  plainsmen,  Mexicans  and  the 
roving  roughs  that  infested  the  country.  I  remember  passing  one 

of  the  big  gambling  houses,  either  "the  Diana"  or  "the  Progress," 
and  seeing  a  man  brought  out  dead,  who  had  been  either  shot  or 
killed  with  a  knife.  The  only  ones  who  seemed  to  take  any  interest 
in  the  incident  were  the  men  who  carried  the  body  out,  and  they, 
it  seemed,  merely  wished  to  remove  an  encumbrance  from  under 
their  feet;  for  I  went  into  the  house,  and  all  of  the  many  tables 
were  running,  with  all  variety  of  games,  crowds  of  men  around 
each,  many  of  the  toughest  looking  characters  that  imagination  can 
picture,  and  no  notice  was  taken  of  that  one  of  their  number  who 
was  being  carried  out  from  one  of  these  tables. 

You  can  imagine  what  it  was  to  bring  a  survey  party  of  so  large 
a  number,  all  of  the  true  Western  type  of  those  days,  into  a  town 
such  as  Denver.  I  suppose  that  they  thought  they  might  take  it  for 
their  own  use  for  a  time;  the  intrusion  was  in  such  a  mass  (and  I 
know  that  some  of  them  were  of  the  wildest  of  the  Western  breed) 

that  the  soldiers  from  the  post,  that  had  been  recently  established, 
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came  out,  to  try  to  bring  the  place  to  at  least  its  normal  condition. 
The  officer  of  the  day  called  upon  me,  and  I  found  that  he  had 

a  large  number  locked  up,  and  concluded  with  him  that  it  might  be 
well  to  leave  them  housed  until  morning.  In  the  morning,  after 
rounding  them  into  camp,  another  feature  of  the  times  commenced 
to  be  enacted.  It  was  an  election  day ;  vehicles  of  all  kinds  and 

descriptions,  from  broken-down  hacks  to  prairie  schooners,  began  to 
arrive,  with  kegs,  etc.,  in  front,  and  the  men  were  asked  to  take 

a  ride.  It  w-as  an  especial  occasion  for  a  frolic,  nothing  more ;  the 
fellow  who  gave  the  most  treats  was  the  successful  candidate,  and 
it  appeared  perfectly  legitimate  that  a  vote  should  be  cast  each  time 
a  treat  was  given,  no  matter  how  many  times  the  process  had  been 
repeated.  Without  doubt,  the  men  voted  for  each  candidate  at  least 
once,  if  not  several  times. 

In  connection  with  this,  I  am  reminded  of  another,  though  a 
dififerent  kind  of  experience,  still,  one  that  belongs  only  to  those 
days;  but  if  it  could  be  enacted  now,  as  then,  a  show  like  Buffalo 

Bill's  would  require  nothing  else  to  draw  a  crowd. 
When  my  survey  had  reached  about  50  miles  west  from  Fort 

Riley,  a  party  of  railroad  officials,  army  officers  and  their  friends 
came  out  to  my  camp  from  the  post  for  a  buffalo  hunt.  There  were 
about  30  in  the  party;  they  were  supplied  at  the  fort  with  good 
horses,  fine  enough  and  fast  enough,  but  not  accustomed  to  see  or 
smell  buffalo.  But,  as  buffalo  were  in  great  abundance,  the  fun 
commenced  at  once  on  their  arrival.  The  uninitiated  horses  would 

enter  into  the  spirit  of  the  chase  after  a  bull,  cow  or  calf  with  as 
much  spirit  as  the  wild  rider,  but  so  soon  as  they  came  near  enough 
to  the  unusualobject  and  got  a  sniff  of  this  plains  habitant,  their 
course,  which  had  been  like  a  hurricane  in  the  direction  of  the 

buffalo,  was  immediately  switched  upon  a  tangent  at  right  angles  to 
the  one  they  had  been  going;  and  a  kodak  would  have  shown  the 
rider  in  the  air,  with  arms  and  legs  spread  in  all  directions,  but 
mostly  in  that  of  a  whirling  dip  needle.  Then  a  few  would  stop 
just  long  enough  to  be  assured  that  the  victim  really  had  his  legs, 
head  and  arms  together,  and  could  navigate,  and  on  they  would 
go  again.  It  was  quite  as  safe  in  camp  as  near  one  of  these 
riders.  The  buffalo  was  in  the  safest  position  of  all,  while  the  horse 
was  in  the  greatest  danger ;  for,  in  one  instance,  a  rider  brought  his 
gun  down  to  blaze  away  at  a  buffalo  in  front  of  him  and  tRe  bullet 

went  below  and  between  the  horse's  ears ;  result,  the  rider  only 
continued  after  the  buffalo  until  he  came  in  contact  with  the  unex- 

pected earth.  I  am  happy  to  say  the  party  all  returned  to  the  fort, 
outside  of  boxes. 
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At  the  time  of  my  arrival  in  Wyandotte  there  were  two  pro- 

jected lines  for  Pacific  railroads,  both  subsidized  by  the  Govern- 
ment ;  one  was  planned  to  go  west  upon  the  Platte  River  Valley, 

starting  at  Omaha.  The  franchise  for  this  was  then  held  by  Mr. 
Durant.  of  Xew  York.  The  other  was  to  leave  the  Missouri  River 

at  Kansas  City  or.  ̂ ^'yandotte.  going  west  through  Kansas.  This 
franchise  was  originally  held  by  John  C.  Fremont.  Afterward  it 

was  transferred  by  him  to  yir.  Samuel  Hallett,  a  New  York  Wall 
Street  broker.  ]Mr.  Hallett  at  that  time  had  rails  laid  on  about  10 

miles  of  road  west  from  Wyandotte. 

This  was  during  the  Civil  War.  ]\Ien  were  very  difficult  to 

secure  to  prosecute  the  work,  so  that  progress  in  the  start  was  very 

slow ;  and  I  am  quite  sure  that  money,  for  building  a  road  across 

what  was  then  considered  a  desert,  was  also  very  hard  to  obtain. 

It  was  a  scheme  that  seemed,  to  most  people  at  the  East,  of  the 

wildest  nature,  and  most  likely  never  to  be  accomplished.  I  remem- 
ber that  we,  who  were  making  the  surveys,  used  to  speculate  as  to 

whether  we  or  our  grandchildren  ever  would  see  a  road  that  would 

reach  the  Pacific  Ocean.  After  seeing  the  Rocky  Mountains  at 

Denver  and  the  Snowy  Range,  and  supposing  that  these  were  a 

fair  sample  of  the  whole,  it  appeared  very  improbable. 

^Ir.  Hallett  built  perhaps  15  or  20  miles,  when  some  trouble 

arose  between  him  and  one  of  the  engineers,  in  regard  to  a  report 

which  Mr.  Hallett  wished  made,  and  which  was  thought  by  the 

engineer  to  involve  a  misstatement  of  facts.  Mr.  Hallett  abused 

the  engineer,  who,  in  return,  shot  and  almost  instantly  killed  him. 

This  created  but  little  excitement,  and  in  a  few  days  was  apparently 

forgotten.  The  engineer  afterward  gave  himself  up,  stood  his  trial 

and  was  acquitted. 

Before  his  death  Hallett  had  interested  John  D.  Perry,  and 

Vv'ith  him  Adolphus  Meyer,  Carlos  S.  Greeley,  Thos.  L.  Price  and 
Mr.  Archer,  with  some  others  of  St.  Louis,  in  his  enterprise.  After 

^Ir.  Hallett's  death,  Mr.  Perry  sent  Mr.  Bartholow  to  Wyandotte, 
who,  for  a  time,  had  charge  of  the  railroad  construction. 

Under  the  latter,  having  been  a  rodman  for  Mr.  Hallett,  I  was 

continued  as  such  on  the  line  between  Wyandotte  and  Lawrence. 

I  do  not  remember  the  exact  time  when  a  more  responsible  position 

was  given  me,  but  I  do  recall  locating  the  line  from  Leavenworth  to 

Lawrence,  then,  beginning  near  Topeka,  and  carrying  the  prelimi- 
nary surveys  through  to  the  mountains,  and  after,  the  final  location 

of  a  portion. 

Until  the  road  was  completed  to  the  neighborhood  of  Topeka 

work  progressed  very  slowly.  Then  the  St.  Louis  men,  and  interested 
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parties  in  Cincinnati,  under  the  leadership  of  R.  M.  Schoemaker  of 

that  place,  formed  a  unique  company  somewhat  on  this  fashion : 

They  divided  themselves  into  2  parties  ;  i  consisting  of  the  President 

and  the  Directors,  the  other  of  the  builders,  under  R.  M.  Schoe- 

maker as  chief  eng-ineer  and  manager.  This  arrangement  worked 
out  very  satisfactorily  to  all  concerned.  Contracting  with  them- 

selves was  an  admirable  scheme,  and  the  work  was  rushed  vigor- 
ously. I  will  not  trifle  with  you  by  saying  that  our  orders  were  to 

avoid  going  through  any  ant  hills,  but  we  were  to  avoid  any  others 

if  we  could  get  around  them.  This,  though,  was  before  20°  or  even 

9°  curves  were  considered  practicable.  Long  tangents,  though, 
were  not  in  it.  Miles  of  road  were  what  was  wanted ;  but  the 

country  was  such  that  we  could  get  a  good  alignment  on  easy 

grades  and  with  very  light  work.  The  Government  subsidy  of 

$16,000  per  mile,  the  land  grant,  and  then  the  privilege  of  issuing 

other  securities  in  the  way  of  bonds  and  stock,  made  probably  a  rich 
harvest  for  those  interested.  After  all,  if  this  harvest  of  cash  had 

not  been  plentiful  in  the  start,  who  knows  what  difiference  it  might 

make  now.  There  is  plenty  of  room  for  conjecture  as  to  what 

might  hav.e  been. 

The  grading,  tie-making  and  other  kindred  work  was  done  by 
men  brought  from  Canada,  Americans  suited  for  such  service  being 

in  the  army.  These  im.portations  were  sent  out  on  the  line  with  guns 

as  well  as  wath  shovels  and  picks.  If  a  party  of  a  half-dozen  or  more 
Indians  made  a  dash  toward  them  I  have  known  75  or  100  graders 

to  fling  down  their  guns,  with  their  shovels  and  picks,  and  rush 

pellmell  for  their  adobe  houses.  Drawing  guns  to  stop  them  was  of 

no  use.  In  the  start,  and  before  they  realized  what  we  were  up  to, 

the  Indians  would  make  these  dashes  for  the  fun  of  seeing  these 

fellows  run,  and  a  possible  scalp.  They  would  turn  very  quickly 

if  a  few  subcontractors  or  engineers  started  after  them  horseback. 

Such  chases  were  apt  to  be  exciting,  particularly  if  one  of  the  pur- 
suers got  separated  from  his  friends  unawares.  The  Indians  would 

quickly  see  this,  and  would  then  circle  around  in  a  gulch  to  corral 

this  lone  individual ;  then  he  would  have  to  lie  down  on  his  horse 

and  stick  the  spurs  in.    Good  horses  were  important  at  such  a  time. 

The  general  course  of  the  survey  was  that  of  the  Smoky  Hill 

River ;  divides  had  to  be  followed,  to  avoid  the  deep  canyons  washed 

out  through  the  great  depth  of  easily  washed  surface.  The  imme- 
diate surface  crust  was  hard,  and  would  shed  water  like  a  roof ;  but 

when  this  water  began  to  gather  together  into  channels,  with  ever- 
increasing  numbers  of  streams  added,  they  became  mighty  floods, 

that  would  tear  down  these  gulches  as  if  they  would  cut  through  to 
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the  under  side  of  everything" ;  there  were  great  areas  for  these  floods 
to  gather  in ;  now,  with  the  land  cultivated,  so  that  rain  may  be 

absorbed,  such  floods  are  probably  rare. 

Following  the  high  lands  with  the  road  for  a  long  time,  getting 

water  was  a  serious  problem ;  at  first,  the  low  places  were  sefected 

in  which  to  dig  wells,  but  this  was  unsuccessful.  x\fterward  wells 
were  tried  at  or  near  the  divide,  and  water  was  found  at  reasonable 

depth. 
We  followed  these  uplands  until  some  of  the  head  waters  of  the 

Arkansas  and  Platte  Rivers  were  reached,  and  then  followed  down 
the  Platte  branches  to  Denver. 

I  recall  particularly,  and  with  great  vividness,  when  about  at 

the  head  of  the  Smoky  Hill  River,  the  first  appearance  of  snow- 

capped Pike's  Peak ;  it  could  be  compared  to  nothing  so  appro- 
priately as  to  a  wonderful  emerald.  It  truly  had  as  great  varying 

color,  with  a  radiance,  a  radiating  beauty,  that  to  me  no  emerald  ever 

equaled.  This  magnificent  appearance  of  a  stone,  with  its  incom- 
parable luster,  was  set  in  a  brown  plain  between  it  and  us  ;  and  to  the 

horizon,  north  and  south,  all  irregularities  were  lost  in  the  distance. 

The  eflfect  was  mar\'elously  beautiful.  The  mirage,  common  to  the 
plain,  gave  a  shimmer  to  the  radiant  coloring  not  seen  with  the  real 
stone. 

Our  outfits  for  these  surveys  had  to  be  very  complete,  having 

to  provide  for  necessaries  that  would  cover  our  wants  for  6  months' 
absence  from  sources  of  supply. 

Our  teams,  wagons  and  tents  were  obtained  from  the  Govern- 
ment and  paid  for  by  the  railroad  company.  I  had  an  order,  from 

Government  headquarters  at  Washington,  that  any  requisition  I 

might  make  upon  any  post  for  supplies,  in  case  of  necessity,  should 
be  honored. 

I  have  said  that  Fort  Riley  was  the  farthest  western  post,  and 

so,  in  a  sense,  it  was,  so  far  as  our  general  route  was  concerned ; 

but  there  was  a  small  post  on  the  Arkansas  River,  40  or  60  miles 

south  from  the  course  of  our  survey,  called  Fort  Zarah.  I  think  it 

was  started  as  an  emergency  post  for  supplies,  but  recently  made, 
and  soon  abandoned,  for  I  never  heard  of  it  after.  I  had  its  location 

given  to  me,  as  nearly  as  possible,  and  when  I  supposed  we  were  in 

its  vicinity,  concluded,  as  a  matter  of  safety,  to  add  to  certain  of 

our  supplies ;  I  therefore  took  the  ambulance,  granted  to  me  as  engi- 
neer in  charge,  with  4  fast  mules  and  a  driver,  and  started  to  find 

the  post,  traveling  somewhat  as  one  does  at  sea,  with  a  compass. 

Outside  of  the  painfully  disagreeable  experience  of  sleeping  'for  a 
few  hours  in  a  place  much  inhabited,  little  of  moment  occurred  to 
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impress  me,  save  that,  while  returning  at  night,  that  there  might  be 
less  chance  of  Indian  attack,  we  had  an  experience  in  the  way  of 

seeing  a  herd  of  buffalo  on  full  stampede.  It  occurred  about  mid- 
night. Above  the  noise  of  the  ambulance  I  heard  the  unmistakable 

rumble  and  roll  of  the  distant  herd.  Swinging  the  leading  mules 
and  fastening  them  to  the  rear  of  the  ambulance  was  all  that  could 

be  done,  save  to  wait.  How  long  this  was  I  cannot  say.  I  could 

see  the  black  line  quite  a  distance  from  us,  but  could  tell  nothing 
of  the  course  of  the  herd,  which  passed  close  in  front  of  us,  so 
close  that  the  forms  of  the  bulls  on  the  flank  were  distinct  in  every 
particular.  If  I  were  an  artist,  it  seems  to  me  now,  I  could  draw 

those  forms,  every  line.  There  were  no  remarks  between  the  driver 
and  myself,  as  I  recollect,  but,  after  the  living  avalanche  had  passed, 

there  zuas  a  long-drawn  sigh  of  relief.  I  do  not  now  recall  the  least 
other  incident,  not  even  arriving  at  camp,  but  that  rush  of  the 
buffalo  herd  is  indelibly  impressed  upon  my  memory.  A  herd  of 
buffalo  on  stampede  is  a  blind,  merciless,  overwhelming  mass,  that 

annihilates  anything  destructible  within  its  course.  It  would  de- 
stroy a  part  of  itself,  if,  by  any  chance,  some  of  its  number  should 

fall.  Each  bull,  when  stampeding,  is  a  great  senseless  machine, 
seeing  nothing  but  its  immediate  leader,  which  he  follows,  with  his 
immense  head  close  to  the  ground.  The  rush  is  by  instinct  rather 
than  by  sight.  The  objective  point  is  to  be  reached,  no  matter  what 
may  be  in  the  way.  Such  herds  are  led  by  the  largest,  strongest 
bulls.  They  are  flanked  by  bulls  and  their  rear  is  brought  up  by 

others.  I  have  watched  them  feeding  as  well  as  on  stampede.  When 
pasturing  they  are  like  an  army,  with  outposts,  having  3  bulls  as 
sentinels  on  every  prominent  point  surrounding  the  herd ;  but,  on 
stampede,  they  have  lost  all  save  the  sense  to  rush  in  close  mass  in 
a  certain  direction,  swerving  for  nothing. 

We  absolutely  lived  upon  buffalo  meat;  it  was  almost  bread 

and  meat.  To  be  sure,  we  had  quick-made  bread,  but  that  did  not 
count.  My  recollection  goes  back  to  the  perfect  satisfaction  of 
sitting  down  on  the  ground  with  a  stack,  a  tin  plate  heaped  with 
nicely  fried  hump  or  tenderloin  before  me,  which  was  none  too 
much  to  satisfy  the  appetite,  with  a  quart  or  two  of  coffee  sweetened 
with  brown  sugar. 

This  was  before  the  tin-can  age.  We  once  tried  what  the  men 

called  "desecrated  vegetables."  These  were  a  desiccated,  dried  up, 
apparently  hydraulic  pressed  mass  of  old  cabbage  mostly,  and  any 
other  old  thing  mixed ;  but  it  had  one  quality  that  surpasses  belief, 
the  way  it  would  swell  when  put  to  soak.  I  think  one  cake  would 
expand  to  the  bulk  of  a  fair  horse  feed.    When  cooked,  it  was  about 
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as  good  as  eating  toothpicks,  ̂ ^'e  gave  it  up.  Our  regular  meals 
were  at  daylight  in  the  morning  and  just  before  dark  at  night,  and 
we  carried  in  our  pockets  jerked  buffalo  meat,  which  we  ate,  when 
inclined,  during  the  day,  while  walking  or  riding. 

This  '"jerked"  buft'alo  meat  is  worthy  of  especial  note.  All 
of  ours  was  made  from  the  "hump"  and  "tenderloin"  of  the  bull. 
It  was  cut  into  strips,  about  I5  inches  thick,  about  3  inches  wide 
and  say  a  foot  long :  then  it  was  threaded  upon  small  rope,  which 
was  wound  around  our  wagon  bodies  and  bows.  Sometimes  a 
wagon  would  be  literally  covered  with  such  a  fringe.  At  first  a 

thin,  but  very  strong  cuticle  would  form,  which  would  strengthen 
and  thicken  in  time,  to  say  about  the  thickness  of  blotting  paper. 
Cutting  a  piece  of  this  meat  across  the  grain,  to  eat,  the  inside, 
unless  it  was  very  old,  would  be  found  soft,  with  none  of  its  flavor 
gone.  Even  when  very  old,  if  properly  prepared,  it  was  the  delicious 
meat  it  was  before  it  had  gone  through  this  process  of  curing. 

Conditions  now  are  unquestionably  changed,  so  that  it  is  doubt- 
ful whether  the  same  results  could  be  obtained,  as  there  is  unques- 

tionably more  moisture  in  the  atmosphere  now  than  there  was  then, 
and  I  have  no  recollection  of  flies  in  those  days  on  the  plains.  Flies, 
like  some  other  things,  have  come  with  civilization,  to  lay  their 
unwholesome  eggs  to  hatch  destructive  agents. 

Our  only  fuel  was  "buffalo  chips,"  and  an  admii-able  fuel  it 
was.  It  seems  to  me  that  food,  cooked  over  a  fire  made  from  these, 

had  an  appetizing  flavor  that  ordinary  wood  cannot  give.  I  believe 

no  "plainsman"  will  deny  this. 
What  marvelous  changes  have  occurred  wherever  one  may 

look !  Where  I  was  thankful  to  have  a  tent  to  keep  the  wolves  out, 
and  a  sufficient  force  of  men  to  save  our  scalps,  are  now  railroads 
by  the  thousands  of  miles ;  cities,  with  opera  houses,  fine  hotels  and 

elegant  homes ;  wonderful  improvements,  inventions  and  discov- 
eries that  have  altered  conditions  of  everything  that  has  to  do  with 

our  daily  existence  and  advancement.  To  be  sure,  unwholesome 
weeds  have  started  to  grow,  as  in  the  best  of  cultivated  crops.  We 
must  make  an  earnest  effort  to  eradicate  these,  or  our  harvest  of 

good  things  will  quickly  begin  to  grow  smaller.  Only  eternal  vigi- 
lance and  unbounded  energy  can  suppress  such  pernicious  growth. 

But  I  have  unbounded  faith  in  the  strength  and  rightmindedness  of 
our  American  people,  in  every  walk  in  life.  The  aims  of  the  masses 
are  true  and  elevating;  the  comparatively  few  are  barnacles  and 

poisonous ;  and  it  is  my  conviction  that,  though  the  changes  of  the 
past  have  been  great,  those  to  come  will  be  still  greater  and 
grander !  May  you,  my  friends,  participate  in  the  gathering  in  of 
these  harvests. 
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The  modern  sewerage  system,  like  many  other  public  services, 

has  been  evolved  from  very  crude  beginnings. 

The  first  sewers  in  the  State  were  built  in  the  city  of  Boston 

probably  more  than  200  years  ago.  These  sewers  were  evidently, 

for  the  most  part,  drains  for  removing  soil  or  storm  w^ater  and  sink 

drainage,  and  were  built  and  owned  by  private  individuals  or  asso- 
ciations of  citizens  living  on  a  single  street  or  in  a  small  district. 

About  the  year  1823  the  city  took  control  of  the  sewers,  but  for 

several  years  after  that  time  fecal  matter  was  rigidly  excluded 

from  them.  In  1857  there  were  6500  water-closets  connected  with 

sewers  in  Boston,  and  in  1885  about  100,000.  The  history  of  sewer- 
age in  the  other  large  cities  and  towns  in  the  State  is  probably 

similar  to  that  in  Boston.  Sewers  were  at  first  chiefly  drains  for 

the  draining  of  streets  or  wet  places,  the  removal  of  standing  water 

and  the  drainage  of  cellars,  and  the  principal  sewage  they  received 
came  from  sinks. 

After  the  introduction  of  public  water  supplies  in  the  cities  and 

towns  sewers  came  into  more  general  use,  and  their  proper  con- 
struction and  management  became  of  importance.  Twenty  years 

ago,  however,  there  were  still  only  about  twenty  cities  and  towns 

in  this  State  which  were  provided  with  sewerage  systems.  At  the 

present  time  ninety-four  cities  and  towns  in  the  State  have  fairly 
complete  systems  of  sewerage. 

*  Manuscript  received  March  21,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 26 
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The  method  of  disposing  of  sewage  in  all  cases  was  to  dis- 

charge it  into  the  nearest  body  of  water — whether  river,  pond 
or  harbor — and  little  heed  was  given  to  the  conditions  existing 
about  the  outlet.  As  the  quantity  of  sewage  discharged  at  these 
outlets  increased  they  came  to  be  commonly  very  serious  nuisances. 

About  thirty  years  ago  the  advantages  of  keeping  sewage 
separate  from  storm  water  were  recognized,  and  at  the  present  time 

the  combined  system  of  sewerage  is  very  rarely  used  in  this  State  in 
the  construction  of  new  systems.  On  account  of  the  necessity  for 
purifying  sewage  the  combined  systems  in  some  cities  and  towns 
are  being  reconstructed  in  order  to  separate  the  sewage  from  the 
storm  water. 

Where  sewage  is  discharged  into  a  large  river  or  into  the  sea, 

well  away  from  the  shore,  in  such  a  manner  that  it  becomes  thor- 
oughly diluted  before  returning  to  the  shores,  danger  of  nuisance 

may  be  avoided,  and  many  cities  and  towns  situated  on  the  sea- 
coast  or  along  the  larger  rivers  effect  a  satisfactory  disposal  of  their 
sewage  in  this  way. 

The  sewage  of  the  Metropolitan  district,  for  example,  is  effi- 
ciently disposed  of  at  Deer  Island  and  Moon  Island  into  tidal  cur- 

rents, and  fouling  of  the  shores  is  avoided.  At  Moon  Island  the 
sewage  is  stored  in  reservoirs  and  discharged  on  the  outgoing  tide 
in  such  a  manner  that  it  does  not  come  back  on  the  returning  tide. 
At  Deer  Island  the  50,000,000  gallons  of  sewage  per  day  brought 
down  by  the  sewer  are  discharged  continuously  into  a  strong  tidal 
current,  and,  whether  the  tide  is  rising  or  falling,  this  sewage  is 
disposed  of  effectually  within  the  space  of  a  square  mile  and  does 
not  affect  any  inhabited  shore. 

In  some  of  the  inland  cities  and  towns  situated  on  the  larger 

rivers  sewage  is  efficiently  disposed  of  by  direct  discharge  into  the 
river.  Serious  local  nuisances  exist,  however,  at  many  of  the  sewer 

outlets  into  streams  at  the  present  time  owing  to  their  faulty  loca- 
tion or  construction.  These  outlets  are  usually  placed  at  the  bank 

of  the  stream  at  the  edge  of  high  water,  where  danger  of  injury 
from  freshets  is  likely  to  be  avoided,  and  at  times  of  low  water  in 
the  river  in  the  summer  season,  or  when  the  water  is  held  back  by 

dams  during  the  night  or  on  Sundays  or  holidays,  very  serious 
nuisances  are  created  by  the  collection  of  sewage  tipon  the  exposed 
bottom  of  the  stream. 

The  objectionable  conditions  caused  by  such  outlets  can  be  pre- 
vented by  carrying  the  outlet  a  sufficient  distance  into  the  stream, 

so  that  the  sewage  becomes  thoroughly  mingled  with  the  water 
before  it  can  return  to  the  bank. 
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When  combined  systems  exist  it  is  not  essential  that  all  of  the 

sewage  and  storm  water  be  carried  out  into  the  stream,  and  expe- 
rience has  shown  that,  if  the  dry-weather  flow  is  carried  to  some 

point  of  discharge  well  away  from  the  bank  of  the  stream,  the 
mingled  sewage  and  storm  water  may  be  allowed  to  overflow  at  the 
edge  of  the  stream  without  creating  objectionable  conditions. 

Successful  outlets  of  this  sort  are  in  operation  at  Springfield, 
where  at  several  of  the  sewer  outlets  a  pipe  of  sufficient  size  for 

the  removal  of  the  dry-weather  flow  of  sewage  is  carried  from  the 
sewer  a  short  distance  back  from  the  outlet  out  under  the  river  bed 

to  a  distance  of  200  to  300  feet  from  shore,  so  that  sewage  is  rarely 
visible  in  the  neighborhood  of  the  outlet  and  the  fouling  of  the 
banks  is  avoided.  At  times  of  rain  the  mingled  sewage  and  storm 
water  discharges  through  an  overflow  at  the  edge  of  the  river 

bank,  but  the  quantity  of  sewage  discharged  in  this  way  is  very 
small  compared  with  the  total  flow  and  no  nuisance  is  created. 

The  most  serious  nuisances,  however,  resulting  from  the  dis- 
charge of  sewage  into  streams  and  inland  waters  are  those  resulting 

from  the  discharge  of  so  large  a  quantity  of  sewage  in  proportion 

to  the  flow  of  the  stream  that  the  river  is  rendered  filthy  and  oflren- 
sive  for  a  long  distance  below  the  outlet. 

The  eflfect  of  the  discharge  of  large  quantities  of  sewage  into 
the  small  streams  had  frequently  been  illustrated  as  early  as  1885, 
and  in  1887  the  experiments  of  the  State  Board  of  Health,  with  the 

special  object  of  studying  methods  of  purifying  sewage  and  pre- 
venting the  pollution  of  streams,  were  begun  at  the  Experiment 

Station  at  Lawrence. 

At  the  time  these  experiments  were  begun,  fifteen  years  ago, 

very  little  was  known  anywhere  with  regard  to  methods  of  purifica- 
tion of  sewage.  Sewage  farms  were  in  existence  in  England  and 

on  the  Continent  of  Europe,  but  the  method  of  disposal  was,  in 
most  cases,  that  of  irrigation,  and  the  quantity  that  had  actually  been 

disposed  of  had  reached  perhaps  10,000  gallons  per  acre  per  day. 

The  earlier  results  of  the  experiments  showed  very  conclu- 
sively that  sewage  could  be  purified  efficiently  by  filtration  through 

sand  or  gravel,  at  rates  depending  to  a  considerable  extent  on  the 

character  of  the  material,  but,  with  ordinary  sands  and  gravels 

found  in  our  valleys,  at  rates  ranging  from  40,000  to  80,000  gal- 
lons per  acre  per  day. 

In  1889  the  first  system  for  the  purification  of  sewage  by  inter- 
mittent filtration  upon  any  considerable  scale  in  this  State  was  con- 

structed at  Framingham,  upon  lines  indicated  by  the  Lawrence 
experiments,    and   was    followed   two   years    later   by    systems    at 
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Gardner  and  Alarlborough,  which  have  been  in  successful  operation 
since  that  time. 

The  total  number  of  cities  and  towns  now  provided  with  sewer- 

age systems  in  the  State  is  about  ninety-four,  of  which  about  one- 
fourth  dispose  of  their  sewage  by  some  system  of  purification ; 

thirty-five  discharge  into  the  sea  and'  the  remainder  into  inland 
streams. 

While  the  results  of  investigations  at  the  Lawrence  Experiment 
Station  early  showed  the  feasibility  of  purifying  large  quantities 
of  sewage  by  filtration  through  sands  and  gravels,  found  commonly 
in  the  valleys  of  the  State,  investigation  was  early  directed  to  the 
practicability  of  purifying  sewage  at  more  rapid  rates  than  it  was 
found  possible  to  maintain  with  the  ordinary  sand  filter. 

The  organic  matter  in  suspension  in  sewage  has  been  the  chief 
source  of  difficulty  in  its  purification,  on  account  of  the  clogging  of 
the  surfaces  of  filter  beds,  and  most  of  the  investigations  upon  rapid 

methods  of  purification  of  sewage  have  dealt  with  processes  of  get- 
ting rid  of  this  organic  matter  in  some  manner — by  straining  or 

precipitation  or  reducing  it  to  simpler  forms. 

By  passing  sewage  through  a  settling  tank  and  allowing  from 
two  to  four  hours  for  sedimentation  it  has  been  found  that  about 

30  per  cent,  of  the  organic  matter  can  be  removed,  but  the  sludge 
has  still,  of  course,  to  be  disposed  of.  By  chemical  precipitation 
about  half  the  organic  matter  in  the  sewage  can  be  removed,  but, 
in  addition  to  the  cost  of  chemicals,  the  sludge  problem  still  remains. 
Both  of  these  methods  are,  however,  used  to  advantage  in  some 
cases. 

It  was  discovered  early  in  the  investigations  that  a  rapid  change 
takes  place  in  sewage  after  the  mixture  of  the  waste  waters 
and  the  discharges  from  the  fixtures  in  dwelling  houses,  stores  and 
offices  first  takes  place  in  the  sewers. 

Much  clean  water  finds  its  way  into  sewers  by  waste  from 
fixtures  in  houses  and  by  leakage  through  defective  joints  and  cracks 
in  the  sewers  and  tributary  house  drains ;  and  fresh  sewage  may 
contain  dissolved  oxygen,  but  the  oxygen  is  subsequently  used 
up  and  the  organic  matters  in  the  sewage  become  broken  up  and 
finely  divided,  and  after  remaining  for  a  considerable  time  in  the 
sewers,  or  passing  through  a  tank  or  reservoir,  the  character  of  tfie 
sewage  is  greatly  changed. 

About  seven  years  ago  the  results  of  experiments  made  in 

England  upon  the  efifect  of  storing  sewage  in  a  tank  for  a  period 

of  about  twenty-four  hours  were  first  published,  showing  that  by 
allowing  sewage  to  pass  continuously  and  very  slowly  through  a 
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closed  tank  the  organic  matters  became  broken  up,  decomposition 
and  putrefaction  set  in.  and  a  reduction  took  place  in  the  quantity 
of  organic  matter.  Much  gas  was  evolved  in  this  process  and 
apparently  very  little  sludge  or  sediment  accumulated  in  the  tank. 
This  process  of  treating  the  sewage,  so  as  to  avoid  the  problem  of 
dealing  with  large  quantities  of  sludge,  is  known  as  the  septic  tank 

process. 
At  about  the  same  time  came  the  discovery  of  the  contact  falter. 

This,  as  usually  constructed,  is  a  filter  containing  coarse  material, 
with  an  outlet  controlled  by  gates.  It  is  operated  by  filling  it  with 
sewage  in  frequent  applications  during  a  period  of  several  hours, 
and  subsequently,  after  allowing  it  to  stand  full,  by  draining  it  ofif. 
By  first  passing  sewage  through  a  septic  tank  and  subsequently 
through  contact  filters,  rates  of  filtration  were  maintained  for  a 
time  far  higher  than  with  sand  filtration. 

More  recently  still  has  come  the  intermittent  continuous  filter — 
a  filter  composed  of  coarse  material,  to  which  sewage  is  applied  in 
comparatively  small  and  frequent  doses,  and  allowed  to  run  freely 
through  the  filter  and  out  at  the  outlet. 

Careful  experiments  have  been  made  at  the  Lawrence  Experi- 
ment Station  for  several  years  upon  the  operation  of  all  of  these 

processes  of  sewage  purification,  and  very  interesting  results  have 
been  obtained. 

It  is  not  my  intention  to  discuss  the  septic  tank  or  the  contact 
or  intermittent  continuous  filters,  since  none  of  these  methods  of 

sewage  purification  is  employed  upon  a  large  scale  in  Massachusetts. 
It  may  be  said,  however,  that  the  experiments  which  have  thus 

far  been  madie  in  the  use  of  the  septic  tank  with  some  sewages 
bring  the  sewage  into  such  a  condition  that  it  is  extremely  difficult 
to  purify  it  by  any  subsequent  process.  Moreover,  sewage  stored 
in  a  septic  tank  has  generally  an  extremely  foul  odor  as  compared 

with  ordinary  sewage.  It  has  also  been  found  that  sludge  accumu- 
lates in  septic  tanks,  and  that  it  is  necessary  to  remove  this  sludge 

at  longer  or  shorter  intervals. 
Experiments  with  contact  beds  have  shown  that  it  is  difficult 

to  secure  material  with  sufficient  open  space  which  will  resist  break- 
ing down,  and  that  there  is  a  tendency  in  such  beds  for  the  open 

space  to  become  clogged,  reducing  the  capacity  of  the  filters,  a 
very  serious  matter  if  it  reaches  such  a  point  as  to  make  it  necessary 
to  renew  the  material. 

The  results  of  experiments  upon  the  operation  of  intermittent 
continuous  filters  are  very  interesting,  but  there  has  as  yet  been 

very  little  opportunity  for  experience  in  the  operation  of  experi- 
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mental  filters  of  this  kind.  These  studies  are  of  the  greatest  interest 

and  importance,  on  account  of  the  necessity  of  finding  some  suitable 

means  of  purifying  sewage  in  places  where  sand  and  gravel  areas 

are  not  readily  available.  In  Massachusetts,  however,  lands  contain- 
ing sandy  or  gravelly  soil  are  found  commonly  in  our  valleys,  and 

the  cost  of  disposing  of  the  sewage  by  intermittent  filtration  where 

such  lands  are  readily  available  is,  in  general,  less  than  by  any 

of  the  processes  thus  far  developed,  and  a  more  thoroughly  purified 

effiuent  can  be  obtained  by  sand  filtration  than  has  thus  far  been 

found  practicable  by  any  of  the  processes  indicated. 

FRAMINGHAM. 

Population    in    1900   11,302 

As  already  stated,  the  first  sewage  disposal  system  of  impor- 
tance constructed  in  Massachusetts  for  the  purification  of  sewage 

was  that  at  Framingham.  This  town  is  situated  partially  within  the 

watershed  from  which  the  supply  of  Boston  was  drawn  at  the  time 

the  works  wxre  built,  and  a  portion  of  the  cost  of  the  works  was 

defrayed  by  the  city,  on  the  consideration  that  the  disposal  works 

should  be  located  outside  of  the  watersheds  from  which  the  city's 
water  supply  was  drawn. 

The  sewage  is  collected  by  means  of  a  system  of  separate 

sewers,  discharging  into  a  collecting  or  storage  reservoir,  about 

half  a  mile  from  the  village;  thence  the  sewage  is  pumped  a  little 
over  two  miles  to  the  filtration  area. 

About  100  acres  of  land  were  purchased  as  a  sewage  disposal 

area,  and  upon  this  area  about  20  acres  of  filter  beds  were 

prepared  by  leveling  the  land  and  taking  off  the  loam  and  a  portion 
of  the  subsoil  to  form  embankments  between  the  filter  beds.  The 

subsoil  remaining  on  the  surface  of  most  of  these  beds  is  quite  fine — 
much  finer  than  in  most  of  the  other  filtration  areas  in  the  State. 

Beneath  the  subsoil  coarse  gravel  is  found  for  a  depth  of  several 
feet.  Two  main  underdrains  were  laid  beneath  some  of  the  beds 

which  discharge  the  small  amount  of  effluent  which  they  collect  upon 

the  ground  outside  of  the  beds,  where  it  is  again  filtered  for  the  most 

part  before  entering  Bannister  Brook,  which  receives  the  effluent. 

The  sewage  is  applied  to  these  filters  at  an  average  rate  of  about 

700,000  gallons  per  day,  or  35,000  gallons  per  acre  per  day.  The 

sewage  is  very  strong,  and  is  at  times  highly  colored  by  manu- 
facturing waste.  The  beds  dispose  of  all  of  the  sewage,  and  no 

unpurified  sewage  is  discharged  into  the  streams. 

For  several  years  corn  has  been  grown  upon  these  filter  beds. 



Fig.  I.     Framixgham.    View  Showing  Filter  Beds  at  Time  of  Harvesting 
Crop  of  Corn. 
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FiG.  2.     Framingham.     One  Method  of  Distributing  Sewage  on   Filter 

Beds. 



Fig.  3.  Fkamingham.  Another  Method  of  Distributing  Sewage  on 
Filter  Beds.  The  Surfaces  of  the  Filter  Beds  Remain  in  the 
Condition  Shown  During  the  Winter,  the  Ice  and  Snow  Resting 
on  the  Corn  Hills. 

Fig.  4.     Gardner.     View  of  Filter  Beds,  Showing  the  Accumulation  of 
Solid  Matter  on  the   Surfaces. 
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The  corn  crop  is  sold  at  auction  early  in  the  fall,  and  the  purchasers 

are  required  to  cut  and  remove  the  stalks.  After  the  removal  of 

the  crop  nothing  further  is  done  to  the  land  until  the  following 

spring,  when  it  is  plowed  and  again  prepared  for  planting.  / 11  of 

the  sewage,  including  the  sludge,  is  discharged  upon  the  filters,  and 

no  accumulations  upon  the  surface  of  the  filter  beds  are  removed 

except  at  times  in  the  spring. 

GARDNER. 

Population  in    1900      10,813 

A  sewerage  system  in  the  central  portion  of  the  town  was  con- 
structed in  1890.  the  sewage  being  conveyed  to  a  filtration  area  in 

the  valley  of  Pond  Brook,  south  of  the  village.  Subsequently,  a 

sewerage  system  was  constructed  in  the  westerh'  portion  of  the 
town  and  the  sewage  conveyed  to  a  new  purification  works  situated 

in  the  town  of  Templeton.  south  of  the  Otter  River.  All  of  the 

sewers  are  built  upon  the  separate  plan,  but  considerable  storm  and 

ground  water  find  their  way  into  the  sewers. 

The  average  quantity  of  sewage  delivered  to  the  older  filtration 

area  amounts  to  about  400,000  gallons  per  day,  increasing  in  wet 

weather  to  800,000  gallons  per  day.  All  of  the  sewage  is  conveyed 

to  the  filtration  area  by  gravity.  The  total  area  purchased  was 

19.4  acres,  and  the  total  area  of  filter  beds  thus  far  constructed  2.7 

acres,  most  of  which  are  very  thoroughly  underdrained.  The  sew- 
age is  received  in  a  settling  tank,  from  which  it  flows  to  the  different 

filters,  the  sludge  being  disposed  of  upon  sludge  beds,  where  it  is 

allowed  to  dry  and  subsequently  removed,  some  of  it  being  used  as 

a  fertilizer.  The  beds  are  not  of  sufficient  capacity  for  the  purifica- 
tion of  all  of  the  sewage  during  periods  of  high  flow,  especially  in 

the  spring,  and  much  sewage  is  discharged  unpurified  into  Pond 
Brook. 

The  new  system  for  West  Gardner  is  also  constructed  upon  the 

separate  plan,  and  in  this  system  also  the  flow  of  sewage  is  in- 
creased greatly  at  times  by  leakage  and  by  storm  water  which  find 

their  way  into  the  sewers.  The  sewage  is  conveyed  by  gravity  to  the 

filtration  area,  where  it  is  first  passed  through  coke  strainers  and 

subsequently  applied  to  sand  filters,  nine  in  number,  having  an 

aggregate  area  of  2.25  acres,  which  are  thoroughly  underdrained. 

The  quantity  of  sewage  amounts  on  an  average  to  about  300,000 

gallons  per  day.  A  portion  of  the  solid  matter  is  removed  from  the 

sewage  by  the  coke  strainers  and  is  deposited  nearby,  much  of  it 

being  used  subsequently  as  a  fertilizer.  There  are  four  strainers, 

having  a  combined  area  of  one-fourth  of  an  acre. 
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MARLBOROUGH. 

Population  in  igoo    13,609 

The  sewers  are  constructed  upon  the  separate  plan,  but  much 

leakage  and  storm  water  finds  its  way  into  them,  enormously  in- 
creasing the  flow  at  certain  seasons  of  the  year.  The  average 

quantity  of  sewage  amounts  to  about  1,000,000  gallons  per  day, 

while  the  maximum  quantity  is  probably  as  much  as  4,000,000  gal- 
lons per  day.  The  sewage  is  conveyed  by  gravity  to  the  filtration 

area,  located  about  4  miles  from  the  central  portion  of  the  city. 

Forty-nine  acres  were  purchased  by  the  city,  upon  which  twenty 
filter  beds  and  six  sludge  beds,  having  an  aggregate  area  of  11.7 

acres,  have  been  prepared  for  the  purification  of  the  sewage,  all  of 

which  are  thoroughly  underdrained.  Sewage  is  received  in  a  set- 
tling tank,  in  which  a  portion  of  the  solid  matter  is  removed,  the 

sludge  being  discharged  upon  sludge  beds  and  subsequently  re- 
moved and  used  as  a  fertilizer  upon  lands  in  the  neighborhood.  A 

portion  of  the  sewage  is  discharged  untreated  in  times  of  wet 

weather,  especially  in  the  spring,  into  a  neighboring  brook. 

CLINTON. 

Population  in  1900   13,667 

The  sewers  are  built  upon  the  separate  plan,  but  some  storm 

water  finds  its  way  into  them,  and  there  is  much  leakage  into  the 

sewers  in  the  wetter  portion  of  the  year.  The  average  flow  is  about 

625,000  gallons  per  day,  but  in  wet  weather  it  is  as  high  as  1,600,000 

gallons  per  day.  The  sewage  is  delivered  to  a  pumping  station, 

where  it  is  received  in  a  reservoir  intended  to  hold  the  night  flow, 

from  which  it  is  pumped  in  the  daytime  to  filter  beds  in  the  town  of 
Lancaster. 

The  total  area  of  filter  beds  is  22.5  acres,  divided  into  twenty- 
five  beds.  The  soil  is  very  coarse  and  porous,  and  the  level  of  the 

ground  water  was  originally  many  feet  below  the  surface  of  the 

beds,  so  that  a  limited  amount  of  underdrainage  has  been  found 
sufficient  for  the  removal  of  the  effluent. 

At  periods  of  very  high  flow  sewage  is  sometimes  wasted  into 

the  river  at  the  pumping  station,  but  otherwise  all  of  the  sewage, 

including  the  sludge,  is  discharged  upon  the  filtration  area,  the 

effluent  from  which  flows  into  a  small  stream  tributary  to  the 
Nashua  River. 

BROCKTON. 

Population  in  1900.   40,063 

The  sewers  are  constructed  upon  the  separate  plan,  but  the  flow 

is  considerably  increased  by  leakage  in  the  wetter  portion  of  the 



l-'io.  5.     Gakdxer.     Ci-eaxing  a  Filter  Bei 

Fig.  6.     Gakdxer.     View  of  Coke  Strainers,  Showing  also  Sand  Filter 
Beds  in  the  Distance. 



Fig.  7.     Marlborough.     General  View  of  Filter  Beds. 

Fig.  8.     Clinton.     View  Showing  Method  of  Applying  Sewage  to  Filter 
Beds. 
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year.  The  quantity  amounts  on  an  average  to  about  /Oo.ocxd  gallons 

per  day.  The  sewage  flows  to  a  pumping  station  at  the  lower  end 

of  the  city,  where  it  is  received  in  a  reservoir  intended!  to  hold 

the  night  flow,  from  which  it  is  pumped  to  the  filtration  area  in 

the  westerly  part  of  the  city,  where  39  acres  have  been  pur- 

chased, upon  which  21.5  acres,  divided  into  twenty-three  beds,  have 
been  prepared  for  the  purification  of  the  sewage.  The  soil  of  the 

filtration  area  is  very  coarse  and  porous,  and  a  sufficient  amount  of 

underdrainage  has  been  provided  for  the  removal  of  the  effluent. 

A  few  of  the  beds  are  used  as  sludge  beds  to  receive  the  heavy 

sewage  which  settles  at  the  bottom  of  the  tank,  and  which  is  drawn 

out  therefrom  at  the  last  part  of  the  day's  pumping.  Much  solid 
matter  collects  on  the  sludge  beds,  which  is  removed  and  used  as  a 

fertilizer.    The  remaining  beds  require  very  little  care. 

ANDOVER. 

Population  in  1900   6,813 

Th€  sewers  are  constructed  upon  the  separate  plan,  and  have 

received  thus  far  very  little  surface  or  ground  water  leakage,  the 

average  quantity  of  sewage  amounting  to  about  125,000  gallons  per 

day.  The  sewage  from  the  greater  portion  of  the  town  is  conveyed 

to  the  filtration  area  by  gravity,  but  the  sewage  from  low  areas  in 

the  valley  of  the  Shawsheen  River  cannot  be  delivered  upon  the 

filter  beds  by  gravity,  and  this  sewage  is  pumped  to  the  main  sewer. 

Tlie  town  has  purchased  30  acres  of  land  for  sewage  purifi- 
cation purposes,  upon  which  4.2  acres  of  filters,  divided  into  twenty 

beds,  which  are  thoroughly  underdrained,  have  been  prepared  for 

the  purification  of  the  sewage.  The  sewage  is  received  into  a  set- 
tling tank,  in  which  a  portion  of  the  heavier  matters,  or  sludge,  is 

allowed  to  settle,  and  is  subsequently  discharged  upon  sludge  beds 

prepared  for  the  purpose.  The  sludge,  after  drying,  is  removed 

from  the  beds  and  either  deposited  in  low  ground  or  used  as  a 
fertilizer. 

SPENCER. 

Population  in  1900   7,627 

The  sewers  of  the  town  are  constructed  upon  the  separate  plan, 

but  many  roofs  have  been  connected,  and  the  flow  is  increased 

considerably  at  times  by  storm  water  and  by  leakage.  The  average 

quantity  of  sewage  amounts  to  about  375,000  gallons  per  day. 

The  sewage  is  conveyed  by  gravity  to  a  filtration  area,  which 

comprises  22  acres,  upon  which  9.3  acres  of  filter  beds  have 

been  prepared.    The  soil  is  very  coarse  and  porous,  and  a  very  few 
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underdrains  have  been  found  sufficient  for  the  removal  of  the 

efifluent.  All  of  the  sewage  is  discharged  directly  upon  the  filter 

beds,  which  are  raked  from  time  to  time  when  necessary,  the  small 

amount  of  solid  matter  being  used  as  a  fertilizer  or  deposited  in  the 

neighborhood. 
SOUTH  BRIDGE. 

Population  in  1900   10,025 

The  sewers  are  mainly  constructed  on  the  separate  plan,  but 

considerable  storm  and  ground  water  find  their  way  into  them. 

The  average  quantity  of  sewage  amounts  to  about  350,000  gallons 

per  day.  The  sewage  is  conveyed  by  gravity  to  a  filtration  area, 

where  7.25  acres  of  filter  beds  have  been  prepared  for  the  purifica- 

tion of  the  sewage,  divided  into  seventeen  beds,  which  are  thor- 

oughly underdrained.  A  settling  tank  has  been  provided  for  receiv- 
ing the  sewage,  but  has  not,  thus  far,  been  used  to  any  considerable 

extent.  At  times  of  wet  weather  much  of  the  sewage  is  allowed  to 

discharge  unpurified  into  the  Quinebaug  River  below  the  filter  beds. 

CONCORD. 

Pooulation  in  1900   5,652 

The  sewage  is  collected  into  a  separate  ■  system  of  sewers,  the 
flow  in  which  is  greatly  increased  by  leakage.  The  average  flow 

at  the  present  time  is  about  375,000  gallons  per  day.  The  sewage 

is  collected  into  a  reservoir  near  the  Concord  River,  designed  to  hold 

the  night  flow,  from  which  it  is  pumped  to  the  filtration  area,  which 

comprises  14  acres  of  sandy  land,  upon  which  3.3  acres  of  filter 

beds,  divided  into  four  beds,  have  been  prepared  for  the  puri- 
fication of  the  sewage.  The  material  is  porous,  and  the  level  of  the 

ground  water  a  considerable  distance  below  the  surface  of  the  beds, 

and  no  underdrainage  has  thus  far  been  provided.  All  of  the  sew- 
age is  discharged  upon  the  filter  beds,  and  no  attempt  has  been  made 

to  separate  solid  matters  from  the  sewage. 

WESTBOROUGH. 

Population  in  igoo   5, 400 

The  sewage  is  collected  in  a  separate  system  of  sewers,  and 

flows  by  gravity  to  the  filtration  area,  which  comprises  about  ̂ 2 

acres,  upon  which  seven  filter  beds,  well  underdrained,  aggre- 
gating four  acres  in  area,  have  been  prepared  for  the  purification  of 

the  sewage.  The  average  quantity  of  sewage  amounts  to  about 

200,000  gallons  per  day,  but  this  flow  is  increased  to  about  600,000 



Fig.  9.     Bkocktox.     General  View  of  Filter  Beds. 

Fig.  10.     Brockton.     Method  of  Applying  Sewage  to  Filter  Beds. 



Fig.  II.     Andover.     General  View  of  Filter  Beds. 

Fig.   12.     Spencer.     General  View  of  Filter  Beds. 
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gallons  per  day  at  times  of  wet  weather,  owing  to  leakage  into  the 
sewers. 

At  the  filtration  area  the  sewage  passes  through  a  small  tank, 

in  which  a  small  quantity  of  solid  matter  is  removed  from  the  sew- 
age before  applying  it  to  the  filter  beds. 

NATICK. 

Population  in  1906   9,488 

The  sewers  are  constructed  upon  the  separate  plan,  but  a  great 

quantity  of  ground  w^ater  leaks  into  the  sewers  at  certain  seasons  of 

the  year.  The  average  quantity  of  sewage  amounts  to  about  600,- 

000  gallons  per  day,  and  the  maximum  quantity  to  2,200,000  gal- 
lons per  day.  The  sewage  is  conveyed  to  a  pumping  station,  near 

the  southerly  end  of  Lake  Cochituate,  whence  it  is  pumped  to  a 

filtration  area  adjacent  to  that  of  the  town  of  Framingham.  About 

97  acres  of  land  were  purchased  by  the  town,  upon  which  six 

filter  beds,  each  i  acre  in  area,  have  been  prepared  for  the  dis- 

posal of  sewage.  The  beds  are  thoroughly  underdrained,  the  under- 
drainage  flowing  into  Bannister  Brook,  above  the  underdrains  of 

the  Framingham  filtration  area.  All  of  the  sewage  is  pumped  to 

the  filter  beds,  and  no  attempt  is  made  to  separate  sludge  from  the 

sewage. 
LEICESTER. 

Population  in  1900   3, 416 

The  sewers  are  built  only  in  the  main  village,  and  are  con- 
structed upon  the  separate  plan,  the  average  daily  flow  amounting 

to  about  20,000  gallons.  The  sewage  is  delivered  by  gravity  at  a 

filtration  area,  comprising  9  acres,  upon  which  seven  filter  beds, 

having  a  combined  area  of  0.35  of  an  acre,  have  been  prepared,  all  of 

which  are  underdrained.  At  the  filtration  area  the  sewage  is  re- 

ceived in  a  large  settling  tank,  the  contents  of  which  are  occasion- 
ally discharged  upon  a  special  sludge  bed,  from  which  the  sludge 

is  removed  after  drying,  and  used  as  a  fertilizer  or  deposited  in  the 

neighborhood.  In  addition  to  the  filter  beds  there  are  two  long 

trenches,  into  which  sewage  is  occasionally  discharged. 

In  addition  to  the  filtration  areas  of  cities  and  towns  already 

described  there  are  many  such  areas  in  use  for  the  disposal  of  the 

sewage  of  public  institutions  which  are  of  much  interest.  Among 

these  are  the  sewage  disposal  areas  at  Danvers  Lunatic  Hospital, 

Foxborough  Hospital  for  Dipsomaniacs  and  Inebriates,  Westbor- 
ough  Insane  Hospital,  Rutland  State  Sanatorium  and  the  State 

Hospital  for  Epileptics  at  Monson.    There  are  also  many  areas  in 
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use  for  private  institutions,  among  which  may  be  mentioned  the 

filtration  area  used  for  the  purification  of  the  sewage  of  St.  Mark's 
School  in  Southborough. 

The  Danvers  Lunatic  Hospital  had  a  population  in  1900  of 
about  1300.  The  total  quantity  of  sewage  amounts  to  about  150,000 
gallons  per  day,  which  is  delivered  by  gravity  upon  the  filtration 
area,  consisting  of  ten  filter  beds,  aggregating  2.8  acres  in  area,  all 
of  which  are  underdrained. 

The  Foxborough  Hospital  for  Dipsomaniacs  and  Inebriates 
contains  about  200  people.  The  sewage  is  discharged  by  gravity 
upon  four  filter  beds  having  an  aggregate  area  of  1.12  acres.  All  of 
the  sewage  is  discharged  upon  the  filters,  no  attempt  being  made 
to  separate  sludge  from  the  sewage. 

At  the  Westborough  Insane  Hospital  the  sewage  of  700  per- 
sons, amounting  to  about  80,000  gallons  per  day,  is  purified  upon 

3  acres  of  filter  beds,  which  consist  of  very  coarse  soil.  Under- 
drains  were  laid  beneath  these  beds  but  no  effluent  has  ever  been 
collected  in  them. 

At  the  Rutland  State  Sanatorium  the  sewage  of  a  population 
of  about  250  persons  is  discharged  upon  twelve  small  filter  beds, 
aggregating  i  acre  in  area.  This  area  receives  little  or  no  care, 

but  all  of  the  sewage  is  efficiently  purified. 
At  the  Monson  Hospital  for  Epileptics  most  of  the  sewage  is 

used  for  the  irrigation  of  crops,  but  a  small  area  of  excellent  filter 
beds  has  been  prepared  for  use  at  times  when  the  sewage  cannot 
be  disposed  of  by  irrigation. 

At  St.  A/[ark's  School,  Southborough,  all  of  the  sewage  is  dis- 
posed of  on  several  small  filter  beds  not  far  from  the  school. 



Fig.  13.     SouTHBRiDGE.     General  View  of  Filter  Beds. 

Fig.    14.     Westeorough.     General  View  of  Filter  Beds. 



Fig.    is.     Leicester.     General  View  of   Filter  Beds. 

Fig.    i6.     Danvers.     Danvers    Lunatic   Hospital.     View   of   Filter   Beds 

Prepared  for  Winter,  Showing  Method  of  Applying  Sewage. 
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ADAPT ABIIilTY    OF     THE    MASSACHUSETTS     METHOD 

OF    IXTERMITTE:NrT    SAND    FILTRATION   TO    SEW- 

AGE DISPOSAL  PROBLEMS  IN  OTHER  STATES. 

By  F.  Herbert  Sxow,  ̂ Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  before  the  Society,  November  19,  1902.*] 

Ix  discussing  the  subject  which  has  been  assigned  to  him,  the 

writer  proposes  to  allude  to  four  typical  problems  outside  of  the 

State  of  Massachusetts,  and,  as  introductory  thereto,  to  touch  upon 

the  part  which  the  ̂ ^lassachusetts  State  Board  of  Health  has  taken 

in  developing  and  placing  the  art  of  sewage  disposal  upon  a  scien- 
tific basis. 

EARLY   HISTORY. 

The  outdoor  closet  or  cesspool  plan  was  the  primitive  system 

of  household  waste  disposal.  Next  came  the  dry-pail  method,  in- 
volving the  utilizing  of  the  solids  as  a  fertilizer.  In  fact,  prior  to  the 

water-carriage  system,  which  comprised  the  next  step  in  the  devel- 

opment of  the  art,  soil  was  looked  to  as  the  only  final  means  of  dis- 
posal. But  upon  the  general  introduction  of  sewerage  systems,  the 

wastes  of  communities  thus  served  were  discharged  into  bodies  of 

water  which  were  supposed  to  be  able  to  purify  themselves,  but 

which  did  so  in  part  only.  In  consequence  of  this  pollution,  and  to 

obviate  it,  the  next  step  in  the  art  was  recourse  to  the  purifying 

power  of  land,  upon  which,  in  many  instances,  sewage  was  required 

to  be  spread  broadcast  and  utilized  to  fertilize  crops.  This  method 

of  disposal  was  called  "irrigation."  A  later  modification  of  it  was 
called  "intermittent  filtration."  Meantime,  various  methods  of 
treating  sewage  had  been  invented,  having  for  their  prime  object 

in  every  instance  the  removal  of  the  solid  matters  from  the  main 

body  of  the  liquid  by  such  means  as  mechanical  appliances  or  settling 

tanks,  with  or  without  the  use  of  chemical  precipitants,  to  facilitate 

the  final  purification  of  the  sewage  on  land  or  to  clarify  and  render  it 

suitable  to  go  into  a  body  of  water. 

The  exact  process  of  purification  taking  place  in  the  ground 

was  not  understood  at  this  time.  As  far  back  as  1838,  the  germ 

theory  of  fermentation  and  decay  had  been  advanced,  and  Pasteur, 

in  i860,  had  established  it,  but  its  significance  in  relation  to  practical 

sewage  disposal  matters  was  not  grasped.  But  in  1870  it  was 

demonstrated  that  there  existed  micro-organisms  which  were  active 

*  Manuscript  received  March  21,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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in  a  soil  upon  which  sewage  was  turned,  and  in  1872  the  scientific 

world  accepted  the  fact  that  sewage  matter  was  converted  into 

nitrates  by  organisms  present  in  normal  sewage  and  soils. 

By  1884  several  scientists  had  demonstrated  that  oxidation  of 

organic  matters  in  sewage,  when  treated  by  irrigation  or  filtration 

methods,  was  caused  by  bacterial  action,  and  not  solely  by  chemical 

action,  as  previously  supposed  to  have  been  the  case. 

This  knowledge — that  bacteria  played  an  important  part  in 

assisting  oxidation — was  followed  by  efforts  to  facilitate  conditions 
under  which  these  activities  occurred,  and  it  was  at  this  stage  of  the 

development  of  the  art  that  the  Massachusetts  State  Board  of 

Health  began  its  now  world-renowned  classical  researches. 

MASSACHUSETTS'   CONTRIBUTION   TO   THE  ART. 

In  reviewing  the  history  of  filtration  in  Massachusetts,  we  find, 

as  early  as  the  fourth  annual  report  of  the  State  Board  of  Health 

that  the  conditions  of  the  Blackstone  River,  below  Worcester,  were 

therein  noted  and  the  possibility  of  disposing  of  the  sewage  of  that 

city  by  intermittent  filtration  outlined. 

Later,  in  the  special  report  of  1876,  it  was  pointed  out  that 

factory  refuse  and  trade  impurities  were  a  great  cause  of  pollution 

of  streams,  but  that  sweeping  laws  for  the  general  and  immediate 

purification  of  all  these  sewages  were  hardly  justified  in  the  then 

present  state  of  knowledge  of  the  subject.  Nevertheless,  the  Board 

recommended  that  no  city  or  town  be  allowed  to  discharge  sewage 

into  any  water  course  or  pond  without  first  purifying  it  by  irrigation. 

The  next  year  the  Board  recommended  that  no  liquids  of  a  dele- 
terious character  from  new  manufactories  be  discharged  into  a 

stream  unless  purified  according  to  the  best  available  means. 

It  is  interesting  to  observe  that  there  were  then  in  use  in  Eng- 
land 59  sewage  farms,  26  chemical  precipitation  works,  16  filtration 

fields,  10  plain  subsident  tanks  and  3  intermittent  filtration  systems. 

In  1882  the  Board  submitted  a  report  to  the  Legislature  on  a 

definite  plan  of  disposal  o^  Worcester's  sewage,  recommending 
intermittent  filtration.  That  city,  however,  successfully  objected 

to  being  forced  to  embark  on  "a  course  of  expensive  experiments 

with  little  promise  of  success."  Four  years  later  an  act  was  passed 
to  establish  a  disposal  system  which,  without  limiting  Worcester  to 

any  particular  method,  required  the  city  within  four  years  to  purify 

the  sewage  so  that  it  should  not  create  a  nuisance  or  endanger 

public  health.  This  law  materialized  in  the  shape  of  a  chemical  pre- 
cipitation plant,  which  was  completed  and  put  into  operation  in  1890 ; 
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three  vears  later  it  was  doubled  in  size,  and  in  1896  was  reported 

by  State  officers  as  being  inefficient  to  prevent  the  pollution  of  the 

Blackstone  River.  It  was  stated  in  the  State  Board  of  Health's 
report  for  that  year  that  the  pollution  would  increase  until  some 
more  complete  purification  of  the  sewage  was  made;  whereupon 
the  town  of  Millbury  brought  suit  to  force  Worcester  to  properly 
purify  its  sewage,  and  the  court  issued  a  favorable  decree.  Since 
which  time  the  works  have  been  enlarged  and  a  few  sand  filters 
have  been  added. 

In  order  to  obviate  local  and  selfish  determination  of  sanitary 

questions,  the  Legislature  of  1886  thought  best  to  provide  outside 
and  dispassionate  control  of  water  supply  and  drainage  problems, 

and  the  act  of  that  year,  entitled  "An  act  to  protect  the  purity  of 
inland  waters,"  marked  the  beginning  of  a  new  era  in  State  sanita- 

tion. The  law  committed  the  general  oversight  and  care  of  inland 
waters  to  the  State  Board  of  Health,  and  conferred  power  to  employ 
experts  and  do  various  things,  among  which  should  be  noted: 

"i.  The  advising  of  cities  and  towns,  corporations  and  indi- 
viduals as  to  the  most  appropriate  source  of  water  supply  and  best 

method  of  insuring  its  purity  and  disposing  of  sewage. 

'"2.  The  chemical  and  other  examination  of  water  supplies 
and  other  inland  waters. 

"3.  The  collecting  of  information  on  purification  of  sewage 
on  land  and  conducting  experiments  on  such  purification  as  are 

necessary  to  obtain  knowledge  for  immediate  use  within  the  State." 
The  recommendation  of  the  Massachusetts  Drainage  Commis- 
sion that  the  Mystic  Valley  sewage  be  filtered  on  the  Saugus  marshes, 

and  that  in  the  upper  Charles  and  Neponset  and  the  Sudbury  and 

Cochituate  basins  twelve  independent  intermittent  filtration  and  irri- 
gation systems  be  established,  had  much  to  do  with  the  starting  of 

the  well-known  important  series  of  experiments  at  Lawrence.  The 
report  of  the  Board  for  1888  states  that  on  the  basis  of  results  of 
filtration  experiments  and  practical  experience  in  England  and  on 
the  Continent,  where  various  intermittent  filters  are  reputed  to  be 
treating  sewage  at  a  rate  of  36,000  to  90,000  gallons  per  acre  daily, 

"We  must  enter  upon  experiments  to  determine  the  amount  of  sew- 
age we  can  in  this  climate  purify  with  such  material  as  is  deposited 

in  our  valleys.  This  knowledge  can  be  obtained  only  by  trial  and 
careful  observation,  and  to  obtain  reliable  information  and  actual 

additions  to  the  knowledge  of  the  world  upon  this  subject  .... 
for  an  immediate  and  urgent  use  in  this  State  ....  the  Board 
established  the  experiment  station  at  Lawrence,  and  has  begun  the 

study  of  soils,  sands  and  gravel  to  be  found  in  the  vicinity  and  after- 
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ward  to  be  replenished  by  those  which  may  be  proposed  for  use  in 

other  locahties." 
The  experience  gained  by  these  experiments  on  intermittent 

filtration  of  sewage  through  different  soils  early  proved  of  efficient 

service  in  enabling  the  Board  to  decide  many  difficult  problems  pre- 
sented for  consideration  by  authorities  of  cities  and  towns,  as  fully 

appears  in  the  annual  reports,  and  as  years  went  by,  the  act  to  pro- 
tect the  purity  of  inland  waters  proved  to  be  one  of  the  most  useful 

laws  in  the  history  of  State  legislation.  The  work  performed  under 

its  provisions  by  the  State  Board  of  Health  has  justly  won  a  repu- 
tation among  engineers,  sanitarians  and  experts  in  this  and  foreign 

countries  as  standard  work  upon  water  supply  and  sewage  disposal. 
In  1889  the  Board  reported  in  regard  to  the  disposal  of  sewage 

of  the  Mystic  and  Charles  River  Valleys,  "upon  additional  informa- 
tion obtained  by  experiments  and  investigations  of  the  past  year, 

the  Saugus  marshes  will  not  serve  for  a  filtering  area  for  the  sew- 

age of  the  Mystic  V^alley,  and,  as  there  is  no  other  area  available, 
its  disposal  by  filtration  must  be  abandoned." 

The  same  year  experiments  on  chemical  precipitation  were 
made,  and  in  189 1  some  work  was  done  with  manufacturing  wastes. 
The  next  year  investigation  of  purification  of  sewage  containing 
dyestuffs  as  undertaken,  and  the  report  of  the  Board  for  that  year 
contains  descriptions  of  sewage  fields  built  under  its  advice. 

During  1893  experiments  were  begun  upon  rapid  filtration  of 
sewage  from  which  sludge  had  been  removed.  Sludge  removal  by 
screening  through  gravel  and  coke,  b_v  sedimentation,  chemical 
precipitation  and  mechanical  devices  were  studied. 

In  1895  the  first  experiments  were  conducted  upon  disposal  of 

waste  liquors  from  paper-making,  wool  scourings  and  tanneries. 
The  next  year  fresh  and  stale  sewage  were  specifically  discussed 
and  emphasized  in  the  report,  and  two  filters  were  put  in  to  illustrate 
the  difference  in  disposal. 

In  1897  some  studies  of  filtering  manufacturing  sewages  were 
conducted  away  from  the  Lawrence  Station,  to  find  out  if  these 

sewages  could  be  filtered  and  purified  by  the  same  processes  suc- 
cessfully applied  to  ordinary  sewage. 

The  report  for  1898  goes  on  to  say  that  the  experiments  on 
purification  of  sewage  and  various  kinds  of  manufacturing  wastes 

''has  furnished  new  and  useful  information  upon  the  practicability 
of  purifying  sewage  at  rapid  rates  and  with  various  materials  which 
are  of  value  in  many  sewage  disposal  problems  where  land  suitable 

for  purification  of  sewage  cannot  be  obtained." 
Two  septic  tanks  were  started  in  operation  at  the  Lawrence 
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Station  that  year.  The  term  septic  was  attributed  to  the  publication 
of  certain  Enghsh  experiments.  The  report  of  the  Board  for  the 
next  year,  during  which  year  attention  was  paid  to  rapid  methods 

— septic  tanks  and  bacteria  or  contact  beds — states  that  the  "results 
of  the  septic  tank  process  taken  in  connection  with  contact  beds 

give  promise  of  furnishing  a  means  of  purifying  sewage  in  places 

where  suitable  land  for  the  purpose  is  not  available." 
Thus  reliable  information  upon  the  subject  of  the  amount  of 

sewage  that  can  be  purified  in  this  climate  with  such  materials  as 
are  deposited  in  the  valleys  was  obtained  and  made  public. 

In  England,  where  natural  sandy  deposits  are  not  so  available 
as  here  in  Massachusetts,  the  septic  tank  system  and  contact  filter 
systems  have  been  perfected  and  used,  and  these  methods  have  come 
to  be  considered  and  known  as  English  methods,  and  intermittent 
filtration  has  come  to  be  known  and  talked  about  as  the  American 
or  Massachusetts  method. 

THE  PROBLEM  AT  SARATOGA  SPRINGS. 

Coming  to  the  adaptability  of  intermittent  filtration  to  problems 
outside  of  ̂ lassachusetts,  we  will  first  consider  Saratoga  Springs, 
N.  Y. 

The  normal  population  of  this  place  is  12,000,  and  its  summer 

population  is  at  times  over  40,000.  In  consequence  of  this  fluctua- 
tion the  seasonal  changes  in  amount  and  quality  of  the  sewage  are 

unusual.  The  problem  was  still  further  complicated  by  a  combined 
system  of  sewers  and  an  abnormal  water  consumption. 

An  almost  ideal  territory  for  filtration  was  found,  but  to  reach  it 
required  pumping. 

Xatural  sand  areas  possible  to  reach  by  gravity  were  found  to 
contain  some  clay  intermixed  with  fine  sand,  which  rendered  their 
utility  doubtful. 

The  estimated  cost  of  a  high-rate  artificial  plant  on  the  most 
available  gravity  site  proved  to  be  in  excess  of  the  cost  of  the  sand 
filter  project  finally  adopted.  By  way  of  explaining  this  project, 
attention  is  called  to  the  fact  that  there  are  certain  features  which 

demand  special  consideration  in  every  problem. 
One  of  these  features  relates  to  the  handling  of  the  solids.  They 

may  be  removed  from  the  bulk  of  the  sewage  by  sedimentation,  or 
by  chemicals,  or  by  liquefaction,  or  by  mechanical  devices.  In  each 

process  the  sludge  is  concentrated  for  further  handling  and  disposal. 

Liquefaction  may  be  the  cheapest  method  in  some  cases,  be- 
cause the  solids  in  suspension  are  dissolved  to  a  greater  or  less 

extent  thereby,  and  to  this  extent  effect  economy  in  their  subse- 27 
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quent  treatment.  These  dissolving  actions  take  place  even  in  the 
sewers,  but  the  bacteria  which  promote  the  process  do  not  attain 
their  greatest  activities  unless  the  sewage  is  brought  to  rest.  The 

septic  tank  is  a  settling  basin  in  which  this  period  of  rest  is  pro- 
longed for  this  purpose  and  the  solids  are  intentionally  retained  for 

an  indefinite  time. 

At  Lawrence  the  deposits  in  a  tank  after  two  years'  operation 
were  practically  nothing,  •  while  the  solids  which  entered  the  tank 
would  without  septic  action  have  filled  the  tank  five  times. 

When  the  sewage  is  suitable,  this  process  of  preliminary  treat- 
ment of  the  solids  and  the  liquid  prior  to  the  sewage  going  into  a 

filter  has  much  to  commend  it  for  consideration,  and  it  was  adopted 
in  the  Saratoga  design. 

Another  feature  demanding  special  consideration  is  the  manner 
of  effecting  purification  of  the  bulk  of  the  sewage  in  the  body  of  the 
filter. 

If  the  dose  of  sewage  is  greater  than  the  air  capacity  of  the 
filter,  which  air  capacity  depends  upon  the  size  of  the  sand  grain, 
there  will  be  insufficient  oxygen  to  promote  the  activities  of  the 

nitrifying  bacteria,  and  consequently  the  filter  will  store  up  organic 
matter  and  in  time  become  foul  and  useless. 

Where  there  is  an  unlimited  area  of  field  or  sandy  plain,  it 
matters  not  so  much  whether  the  engineer  is  ignorant  or  careless 
of  the  physical  qualities  of  that  particular  soil  and  its  maximum 
capacity  to  purify  sewage ;  but  where  the  filter  has  to  be  built  of 
selected  material  brought  from  a  distance,  or  in  a  locality  on  a  side 
hill  or  uneven. ground,  where  every  cubic  yard  of  material  to  be 
moved  means  considerable  expense,  the  full  capacity  of  the  sand 
should  be  known  and  its  maximum  use  planned  for  in  the  design. 

It  is  along  these  lines  that  advancement  in  design  is  to  be  looked 
for. 

The  size  of  sand  grain  also  has  everything  to  do  with  the  fric- 
tional  resistance,  which  must  be  relied  on  to  hold  the  sewage  long 
enough  to  effect  purification  and  yet  not  too  long  to  hinder  the 
maximum  work  of  the  filter. 

It  is  therefore  made  plain  that  the  dose  of  sewage  should  be 

proportioned  to  the  sand  capacity.  This  is  a  most  important  detail 
of  design  and  also  of  operation. 

Given  in  any  particular  case  the  size  of  the  sand  grains  and  a 
knowledge  of  the  capacity  of  that  class  of  sand,  the  arrangement 

for  a  corresponding  dosing  of  the  filter  can  best  be  secured  by  pro- 
viding a  chamber  or  chambers  holding  the  requisite  quantity  of  sew- 

age and  operated  autom.atically. 
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Another  feature  for  special  consideration  is  the  quaUty  of  the 
sewage.  The  amount  of  work  to  be  performed  in  the  filter  is  the 

total  amount  of  organic  nitrogen  in  the  applied  sewage  to  be  trans- 
formed into  nitrates.  This  varies  greatly  in  different  sewages.  Its 

importance  more  particularly  relates  to  the  mode  of  preliminary 
treatment  to  be  chosen. 

Due  consideration  of  these  features  resulted  in  the  adoption  of 

the  Saratoga  design,  which  comprises  a  station  over  a  pump  well 

at  the  end  of  the  new  outfall  sewer,  three  centrifugal  pumps  oper- 
ated by  electricity,  a  receiving  reservoir  for  prolonged  sedimenta- 

tion at  the  disposal  fields,  an  aerating  device  for  the  effluent  from 
the  reservoir,  an  automatic  dosing  chamber,  distributing  channels 
for  the  sewage  and  20  acres  of  sand  filters. 

THE   PROBLEM    AT   LAKEWOOD,   OHIO. 

At  Lakewood,  Ohio,  there  were  no  natural  sand  deposits  avail- 
able. Sand  might  have  been  dredged  from  the  lake,  but  the  cost 

of  doing  this  would  have  been  excessive. 
The  choice  of  a  system  of  disposal  lay  between  a  chemical 

treatment  and  a  high-rate  bacterial  plant.  The  latter  was  selected 
on  the  score  of  adaptability  and  economy.  It  comprises  a  septic 
tank  and  cinder  contact  beds.  To  regulate  the  gravity  flow  to  the 
tanks  there  are  provided  automatic  orifices.  Aeration  of  the  septic 
effluent  is  eflfected  in  a  chamber  for  that  purpose,  and  a  distribution 

of  sewage  at  the  beds  and  the  collection  of  the  effluent  and  its  sub- 
sequent discharge  into  the  river  is  done  by  means  of  gates  auto- 

matically operated,  so  that  no  attendant  is  necessary. 
The  tanks  hold  600,000  gallons.  The  beds  cover  f  of  an  acre, 

and  are  divided  into  five  units. 

Bacteria  beds  are  structures  in  which,  under  conditions  favor- 
able to  their  existence,  the  organisms  upon  which  the  purification  of 

sewage  depends  can  grow  and  thrive. 
These  conditions  imply  the  presence  of  dissolved  oxygen  in  the 

sewage  and  the  entrance  of  air  through  the  entire  depth  of  the  bed 
between  the  doses  of  sewage.  To  make  this  possible  the  material 
must  be  coarse  enough  to  reduce  capillarity  to  a  minimum  and  at 
the  same  time  fine  enough  to  intercept  the  comminuted  particles  of 
the  organic  matter. 

The  limit  of  size  of  bed  material,  as  proved  by  experience,  is 
from  tV  to  ̂   inch,  expressed  in  diameter  of  extreme  particles.  An 
extended  and  particular  study  of  available  material  at  Lakewood, 
supplemented  by  chemical  and  mechanical  analyses,  resulted  in  the 

selection  of  cinders  from  a  large  manufacturing  plant  and  the  re- 
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moval  and  rejection  of  the  dust  by  a  special  screening  device  and 

the  crushing  and  screening  of  the  larger  particles  into  proper  sizes. 

In  operation  four  of  the  five  beds  are  worked  at  one  time,  the 

fifth  being  throw^n  out  of  commission  for  periods  of  rest  of  a  week 
or  more.  Of  the  four  beds  in  use,  one  is  filling,  one  is  standing 

full,  one  is  emptying  and  one  is  resting.  The  automatic  mechanism 

not  only  effects  this  distribution  at  a  great  saving  in  cost  of  labor, 

but  does  it  with  a  regularity  impossible  of  attainment  by  manual 

manipulation. 

THE  PROBLEM  AT  MARION,  IOWA. 

This  city  built  a  system  of  sewers  in  1893  with  an  outlet  into 

Indian  Creek.  Suits  for  pollution  of  the  stream  were  soon  instituted 

and  damages  were  awarded  for  depreciation  of  rental  value  of 

pasturage  farms,  the  testimony  going  to  show  that  cattle  refused 

to  drink  the  water  and  that  other  water  had  to  be  procured  for  the 

stock  at  great  difficulty.  In  1899  the  writer  went  to  Marion  to  see 

about  plans  for  disposal  w"orks,and  subsequently  a  high-rate  straight- 

acting  automatically  operated  intermittent  coke  cinder  filter  was  de- 
signed (there  being  no  sands  available  in  this  vicinity)  embodying 

the  preliminary  treatment  of  the  sewage  by  the  septic  process.  The 

plans  were  duly  adopted,  and  in  1900  the  city  proceeded  to  con- 
struct the  septic  tank. 

The  plant  in  its  entirety  was  not  designed  to  effect  a  high 

degree  of  purity.  The  stream  at  the  point  into  which  the  effluent 

discharged  had  a  watershed  of  about  75  square  miles,  and  3  miles 

below  it  entered  the  Cedar  River,  the  intervening  territory  being 

sparsely  settled  and  the  creek  water  unused  for  domestic  purposes. 

Four  nitrification  beds,  each  yV  acre  in  size,  were  proposed 

Suitable  sands  could  not  be  obtained,  so  coke  cinders  were  selected, 

effective  size  1.62  mm.,  coefficient  of  uniformity  2.63,  with  a  total 

air  space  equal  to  40  per  cent. 

By  an  arrangement  for  the  continuous  discharge  of  the  septic 

effluent  into  a  dosing  tank  of  10,000  gallons'  capacity,  and  the  inter- 
mittent dosing  of  the  four  beds  by  an  automatic  siphon,  and  gatcj 

operating  automatically,  the  sewage  being  delivered  onto  the  sur- 
face of  the  beds  by  carriers,  it  was  thought  that  an  effluent  would  be 

obtained  of  sufficient  purity  to  meet  necessary  local  conditions.  Buc 

for  economic  reasons  the  city  constructed  only  the  septic  tank.  It 

holds  150,000  gallons,  and  the  flow  from  2000  people  connected  with 

the  sewers  is  approximately  200,000  gallons  daily,  so  the  time  of 

passage  of  the  sewage  through  the  tank  is  about  eighteen  hours' duration. 
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The  effluent  is  discharged  into  a  stream  whose  minimum  flow, 
1.5  cubic  feet  per  second,  equals  0.75  cubic  feet  per  second  for  1000 
people  contributing  sewage  to  the  tank.  The  operation  of  this  tank 
under  these  interesting  conditions  seems  to  be  perfectly  satisfactory 
to  all  concerned. 

TPIE  PROBLEM  IX  THE  BRONX  RIVER  VALLEY,  N.  Y. 

This  beautiful  valley,  in  close  proximity  to  New  York  City,  is 
destined  to  become  populated  with  a  prosperous  class  of  people,  and 
when  that  time  shall  have  arrived  undoubtedly  a  general  sewerage 
system  will  have  been  adopted,  comprising  the  conveying  of  all  the 
sewage  away  from  the  valley  and  its  disposal  in  connection  with 
New  York  City  sewage  into  tidal  water.  But  at  the  present  time 

the  cost  of  such  a  general  system  is  far  beyond  the  financial  re- 
sources of  the  valley,  and  therefore  some  other  solution  of  the 

problem  is  demanded. 
The  city  of  Mount  Vernon  is  in  this  valley.  It  has  a  population 

of  about  25,000  people.  Its  sewage  is  discharged  into  the  Hutchin- 
son River,  a  tidal  estuary  of  Long  Island  Sound. 
The  watershed  of  this  river  at  the  sewer  outlet  is  only  7 

square  miles.  About  four-fifths  of  the  population  of  this  city  use 
the  sewers,  so  the  pollution  of  the  stream  is  very  great. 

A  plan  was  projected  to  extend  the  outfall  sewer  to  the  Sound, 
and  a  route  was  chosen  through  Pelham  Manor,  New  Rochelle  and 

by  Glen  Island,  so  that  these  places  could  connect,  but  a  bill  author- 
izing the  scheme  failed  of  passage  in  the  Legislature,  because  of  the 

opposition  of  these  places. 
Along  the  shores  of  Long  Island  Sound,  affording  a  possible 

site  for  tidewater  disposal  of  Mount  Vernon's  sewage,  there  are 
communities,  rapidly  increasing  in  population,  of  a  class  which  de- 

mands the  maintenance  of  the  highest  sanitary  standards,  and  it  is 
reasonable  therefore  to  conclude  that  the  opposition  to  the  discharge 
of  crude  sewage  along  their  foreshores  by  a  foreign  municipality 
is  of  a  permanent  character. 

Accepting  this  conclusion,  the  place  to  erect  and  operate  clarify- 
ing works,  if  such  a  solution  of  the  problem  is  to  be  sought,  would 

naturally  be  the  nearest  available  site  to  the  present  outlet  into  tide- 
water. Here  the  river  joins  the  government  canal,  in  which  the 

tide  rises  and  falls  7  feet,  and  its  volume  is  sufficient  to  dilute  a 

partially  purified  effluent,  but  not  an  effluent  from  which  the  sus- 
pended matters  have  been  removed  by  a  mere  mechanical  process. 

Another  plan  which  provided  for  the  disposal  of  Mount  Ver- 

non's sewage  and  other  places  was  projected.    Bnt  it  was  abandoned. 



234  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

owing  to  its  excessive  cost.  It  comprised  the  construction  of  an 
intercepting  sewer  in  the  valley  of  the  Bronx,  beginning  at  the 
village  of  White  Plains  and  finally  joining  with  the  city  of  New 
York  system. 

In  view  of  the  probability  of  an  ultimate  general  sewerage 
system  for  all  the  communities  in  the  valley,  any  other  plan  should 

be  considered  as  a  temporary  expedient  and  the  ultimate  abandon- 
ment of  any  structure  erected  thereunder  should  be  contemplated. 

At  this  juncture  the  question  must  arise  as  to  the  kind  of  a 
plant  best  adapted  to  these  peculiar  conditions.  It  is  not  the  duty 
of  State  officials,  having  jurisdiction  in  questions  of  public  health 
of  this  kind  (which,  because  of  their  nature  and  extent,  pass  out 
from  and  beyond  the  control  of  local  boards  of  health),  to  devise 
particular  plans  for  any  case,  any  more  than  it  is  the  duty  of  local 
boards  of  health  to  devise  a  sewage/  disposal  plan ;  the  powers 

vested  in  the  State  department  being  largely  of  an  advisory  char- 
acter. 

The  responsibility  of  the  body  or  individual  designing  a  plan 
is  not  lessened  by  the  superior  advisory  or  sanctioning  power  of  the 
State,  but  it  is  just  as  great  to  thoroughly  comprehend  the  problem 
and  to  devise  or  adopt  the  plans  best  calculated  to  accomplish  the 
work.  This  fact  is  too  often  overlooked  by  City  Councils.  Plans 
have  been  adopted  in  places  because  they  were  approved  by  the 

State  department,  which  department  would  undoubtedly  have  ap- 
proved other  plans  better  adapted  by  far  to  do  the  work  had  such 

plans  been  presented  for  consideration  and  approval. 
In  the  case  in  question,  the  right  solution  of  the  problem 

calls  for  the  exercise  of  the  highest  knowledge  in  the  art  of  sew- 
age disposal.  A  plant  is  called  for  whose  time  of  usefulness  is 

limited  and  whose  ultimate  abandonment  is  almost  a  certainty; 

during  this  period  it  must  not  create  a  nuisance ;  it  need  not  com- 
pletely purify  the  sewage;  the  degree  of  purity  a  plant  may  safely 

attain  and  not  create  a  nuisance  is  involved  in  this  question,  and 
the  permissible  degree  of  pollution  of  the  stream  into  which  the 
effluent  of  this  plant  is  to  go  is  also  involved. 

Failure  to  properly  comprehend  these  features  and  adequately 
provide  for  them  in  the  design  involves  probable  failure  of  the 

plant. 
In  spite  of  these  facts  the  local  government  determined  to  ad- 

vertise for  propositions  from  owners  of  proprietary  methods,  the 
propositions  to  be  received  under  general  plans  and  specifications, 

to  be  prepared  by  the  city's  consulting  experts. 
The  general  plan  provided  for  the  purchase  of  i6  acres  of  land 



SEWAGE  DISPOSAL  PROBLEMS  IN  OTHER  STATES.        235 

at  the  existing  sewer  outlet.  Subsequently  $40,000  were  paid  for 

this  tract.  The  sewage  of  the  greater  part  of  the  city  can  be  deliv- 
ered to  it  by  gravity  flow,  but  certain  areas  are  so  situated  that  the 

sewage  from  them  will  require  pumping.  For  this  purpose  the  plan 

contemplated  the  installation  of  several  small  pumping  plants  at 

points  most  economical  for  the  collection  of  the  sewage  from  these 

areas  and  the  raising  of  the  sewage  to  the  nearest  point  in  the  main 

conduit  which  serves  the  gravity  district.  The  pumping  units  were 

planned  to  be  operated  by  electric  power  derived  from  a  power 

plant  to  be  installed  in  the  proposed  power  and  crematory  house 

at  the  disposal  works.  This  part  of  the  general  plant  was  intended 

to  be  permanent  in  character,  as  were  also  the  crematories  provided 

for  the  disposal  of  city  garbage  and  refuse  and  sewage  screening 

and  sludge. 

The  method  of  treatment  of  the  sewage  was,  of  course,  left  for 

bidders  to  propose,  but  the  general  specifications  called  for  some 

kind  of  bacterial  treatment,  and  the  plant  was  required  to  have 

a  daily  capacity  of  2,000,000  gallons  of  normal  town  sewage. 

The  village  of  White  Plains,  located  in  the  same  valley,  has 

treated  its  sewage  by  chemical  precipitation  for  a  number  of  years. 

The  effluent  of  this  plant  has  not  been  satisfactory.  The  de- 
cision of  the  court  in  respect  to  this  matter  was  that  the  discharge 

from  the  works  produced  at  times  a  foul  and  offensive  odor  and 

added  to  the  discoloration  and  pollution  of  the  Bronx  River. 

In  view  of  the  issues  in  the  case — which  case  was  most  per- 

sistently fought  through  to  the  highest  tribunal  of  the  State — and 
the  decision  of  the  court,  which  was  adverse  to  White  Plains,  it 

became  necessary  in  planning  new  w'orks  to  provide  for  obtaining 
a  high  degree  of  purity  of  effluent.  But  because  this  degree  of 

effluent  might  never  be  actually  required,  since  in  this  instance 

an  effluent  clear  and  odorless,  though  containing  some  of  its  origi- 
nal organic  matter  and  bacteria,  and  though  unsafe  to  drink,  should 

answer  all  practical  purposes,  the  plan  proposed  comprised  two 

parts,  one  of  which  it  was  proposed  should  be  built  and  operated  to 

effect  a  substantial  but  not  complete  purification. 

The  question  would  then  become  one  of  fact  whether  such  an 

effluent  contributed  in  a  material  and  practically  measurable  degree 

to  the  pollution  of  the  river.  If  so,  then  the  second  part  of  the 

plant  should  be  added. 

This  illustrates  how  the  degree  of  purity  a  plant  should  attain 

may  enter  into  a  problem  and  affect  the  cost  of  the  same.  The  first 

part  was  estimated  to  cost  $70,000  and  the  second  part  $30,000 
more. 
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The  general  scheme  was  similar  to  that  proposed  for  Mount 
Vernon  in  respect  to  the  ultimate  abandonment  of  the  works  for 
treating  the  sewage ;  also,  in  so  far  as  practicable,  the  money  needful 
for  immediate  expenditure  was  to  be  put  into  permanent  structures. 

For  instance,  the  village  needed  a  garbage  disposal  plant.  There- 
fore, it  was  proposed  to  take  advantage  of  the  benefits  resulting 

from  the  combination  of  sewage  and  garbage  disposal  to  as  great 
an  extent  as  possible  by  locating  the  crematory  at  the  present  works, 
remodeling  these  works  and  thereby  reduce  by  half  the  amount  of 

labor  otherwise  necessary  to  operate  independent  garbage  and  sew- 
age disposal  plants. 
This  part  of  the  project  was  intended  to  be  permanent. 
The  plan,  so  far  as  it  related  to  the  disposal  of  sewage,  involved 

the  use  of  the  present  works  as  far  as  possible  and  the  changing  over 
from  the  mechanical  process  of  chemical  treatment  to  the  natural 
process  of  bacterial  treatment,  on  the  score  of  saving  in  cost  of 
operation  and  improvement  in  character  of  effluent. 

To  maintain  the  old  works  in  operation  during  the  five  previous 
years  about  $10,000  were  annually  expended,  and  in  spite  of  this 
outlay  the  plant  proved  unsatisfactory.  It  was  estimated  that  the 
new  works  could  be  built  and  operated  to  give  good  results  at  a 
total  annual  cost  for  investment  and  operation  of  less  than  the  total 
annual  cost  of  enlarging  and  operating  the  old  works. 

SUMMARY. 

The  four  types  of  problems  cited  in  the  foregoing  discussion 
were,  in  their  solution,  closely  related  to  the  oxidizing  principle  of 
sewage  purification,  the  authority  for  whose  use  in  this  country  is 
found  in  the  Massachusetts  experiments. 

Thus,  in  the  Bronx  River  Valley  case,  while  mere  slow  inter- 
mittent sand  filtration  was  not  feasible,  owing  to  lack  of  available 

sand  deposits  and  suitable  territory,  modifications  of  this  oxidizing 
and  bacterial  process  were  found  to  be  cheaper  and  better  adapted 
to  the  requirements  than  any  mere  mechanical  process.  This  was 
equally  true  with  respect  to  Lakewood,  Ohio,  and  Marion,  Iowa. 

The  Saratoga  problem  is,  of  course,  a  straight  out-and-out  slow 
intermittent  sand  filter  plant,  with  some  novel  features  added  to 
facilitate  operation  and  insure  success  under  the  abnormal  conditions 
obtaining  especially  with  respect  to  the  severity  of  the  winter 
climate.  This  plant  is  thought,  by  the  writer,  to  be  a  pattern  of 
excellence  in  several  particulars.  Intermittent  sand  filtration  is  the 

only  really  reliable  method  of  bacterial  treatment  of  sewage  to-day. 
Its  limitations  are  known,  and  wherever  feasible  its  adoption  should 
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be  advocated.  But  where  the  local  conditions  preclude  its  use,  the 

engineer  is  forced  to  consider  some  one  of  the  new  and  accelerated 

methods.  Undoubtedly  they  can  be  made  successful,  but  they  are 

a  more  highly  organized  means  of  treating  sew^age  than  the  ordinary 

sand  filter,  requiring  more  intelligent  attention  and  being  less  capa- 
ble of  meeting  fluctuations  in  quality  and  quantity  of  sewage,  such 

as  occur  daily  in  many  sewerage  systems. 

SEWAGE  DISPOSAL   SYSTEMS. 

Discussion  of  papers  of  X.  H.  Goodnough  and  F.  H.  Snow,  before  the 
Boston  Society  of  Civil  Engineers,  November   19,    1902. 

Mr.  Harrison  P.  Eddy. — I  have  been  very  much  interested 

in  the  papers  which  have  been  read  to-night,  but  I  was  not  quite 
prepared  for  the  obituary  of  the  Worcester  plant,  and  consequently 

failed  to  bring  my  apology  for  appearing  here. 

The  estimated  present  population  of  Worcester  is  127,500, 

based  on  the  past  growth  for  a  period  of  fifty-five  years.  The 

amount  of  sewage  treated  daily  during  the  fiscal  year  1902  w^as 
13.300.oco  gallons,  including  storm  water,  limited  in  quantity  only 

"by  the  capacity  of  the  outfall  sewer.  The  dry-weather  flow  (June, 
July  and  August)  averaged  11,260,000  gallons  per  day,  amounting 

to  88.3  gallons  per  capita.  The  total  cost  of  operating  the  plant, 

not  including  interest  or  sinking  fund  accounts,  w^as  $50,576.69, 
making  the  per  capita  cost  40  cents.  The  purification  plant  has 

cost  approxiniately  $500,000  to  date,  and  about  $1,000,000  have 

been  expended  in  remodeling  the  sewerage  system  to  facilitate  the 

work  of  disposal. 

Although  Worcester  is  credited  with  being  a  very  selfish  city, 

it  has  probably  spent  more  money  in  the  attempt  to  abate  the  nui- 

sance in  the  Blackstone  River  than  has  been  spent  in  sewage  dis- 
posal by  any  city  in  the  country,  except  possibly  very  large  cities 

which  dispose  of  sewage  into  tidewater.  Worcester  was  unfortu- 
nately situated,  at  the  time  the  sewage  disposal  problem  came  up  for 

final  action,  in  that  it  had  a  combined  system  of  sewers ;  not  only 

that,  but  its  sewers  had  been  discharging  throughout  the  city  into  a 

trunk  sewer,  which  w^as  originally  a  brook  or  river,  flowing,  in  dry 

weather,  about  5,000,000  gallons  in  twenty-four  hours ;  in  freshet, 

200,000,000  or  300,000,000  gallons.  These  features  have  consti- 
tuted real  difficulties ;  financial  as  well  as  engineering  difficulties. 

In  1890  the  city  of  Worcester  began  to  operate  a  chemical  pre- 
cipitation plant.  It  did  not  take  care  of  the  entire  flow  of  sewage. 

It  was  deemed  wise  to  begin  with  the  treatment  of  the  sewage  rather 
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than  the  reconstruction  of  the  system,  for  various  reasons.  In  1893 
the  plant  was  increased,  and  has  been  increased  from  time  to  time 

ever  since.  First,  minor  additions,  then  more  basins  for  precipitating 
the  sewage ;  then  a  plant  for  taking  care  of  the  resulting  sludge,  and 
eventually  the  introduction  of  filter  beds,  some  of  which  are  now 

being  built.  It  Avas  impossible  to  treat  the  whole  of  the  sewage  so 
long  as  it  mingled  with  this  river,  and  consequently  the  city  has  just 
completed  the  building  of  two  intercepting  sewers,  at  a  cost  of  about 
$1,000,000.  In  addition  to  this  it  will  be  necessary,  before  the  entire 
flow  of  sewage  can  be  treated  in  time  of  storm,  to  have  a  complete 

separate  system  of  sewers,  so  as  to  take  the  sewage  without  install- 
ments of  storm  water,  or  to  greatly  increase  the  size  of  the  purifica- 

tion plant.  One  or  the  other  must  be  done  if  all  the  sewage  must 
be  treated  at  such  times.  You  can  readily  see  that  with  150  miles  of 
sewers  this  is  somewhat  of  a  problem,  a  financial  problem  at  least. 
Other  difficulties  have  been  encountered  there.  Worcester  is  a 

manufacturing  city ;  there  are  tanneries,  and  their  sewage  has  its 

effect  more  particularly  upon  the  chemical  treatment  than  the  filtra- 
tion. There  is,  however,  one  quality  of  the  Worcester  sewage  which 

makes  it  different  from  that  of  most  cities  in  this  country,  and  that 

is  its  acid  nature.  Worcester's  largest  industry  is  a  branch  of  the 
American  Steel  and  Wire  Company ;  large  quantities  of  wire  are 

dipped  in  vitriol,  and  the  resulting  sulphate  of  iron  is  turned  into 
the  sewer  to  a  large  extent,  although  some  of  it  is  recovered  and 
utilized.  As  much  as  100  tons  of  copperas  could  be  made  from  the 
liquors  that  are  found  in  the  sewage  waste  in  a  single  day ;  that, 
however,  is  exceptional,  the  average  being  considerably  below  that. 
I  mention  this  merely  to  show  that  there  is  some  difficulty  in  the  way 
of  handling  successfully  the  problem  at  Worcester.  Not  only  is 

the  copperas  serious  as  to  chemical  treatment — although  it  is  of  some 

benefit — but  it  is  a  handicap  in  that  much  sludge  is  produced,  and 
it  is  a  very  serious  element  in  the  filtration  of  sewage.  When  this 
copperas  or  sulphate  of  iron  comes  through  the  series  of  settling 
basins,  not  having  been  treated  with  chemicals,  very  little  of  it  is 
removed  from  the  sewage.  It  is  then  turned  onto  the  filters  and 
they  succeed  in  removing  quite  a  portion  of  the  iron.  As  high, 

during  certain  periods,  as  50  per  cent,  or  more  of  this  iron  is  pre- 
cipitated in  the  filter  largely  in  the  upper  portion,  in  the  form  of 

sulphide  of  iron,  sometimes  in  other  forms,  oxide  of  iron,  etc.,  and 
it  seems  to  be  quite  a  factor  in  the  clogging  of  the  upper  layers  of 
the  filter. 

There  are  some  interesting  things  in  connection  with  this  pre- 
cipitation or  clogging  of  the  iron  in  the  filter,  I  think,  as  at  certain 
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times  and  in  certain  conditions  of  the  filter  the  iron  is  washed  out 

to  a  limited  extent,  and  it  leaves  a  large  amount  of  suspended  oxide 
of  iron  in  the  water,  which,  of  course,  makes  it  rather  unsightly. 
The  amount  of  oxide  of  iron  contained  in  the  sand,  after  being  used 
for  some  time,  will  run  as  high  as  4  or  5  per  cent,  by  weight,  and 
this  reduces  in  the  first  6  inches  or  i  foot  down  to  less  than  i  per 
cent.,  and  the  lower  portion  contains  comparatively  little  iron.  So 
much  for  what  constitutes  the  problem  at  Worcester. 

The  chemical  precipitation  plant  has  been  in  operation — as  I 
have  stated — since  1890;  it  has  cost  a  great  deal  of  money,  as  has 
been  mentioned,  but  under  the  circumstances  it  could  not  readily 
be  abandoned.  I  think  those  who  best  appreciate  the  problems 

there  to-day  feel  that  there  is  grave  doubt  if  it  can  be  abandoned 
in  the  future  for  methods  which  we  now  know  of.  Numerous 

experiments  have  been  made  there  from  time  to  time,  and  among 
others  is  one  of  some  interest  to  us,  that  of  the  septic  tank.  It  has 

been  found  that  the  action  of  bacteria  directly  or  indirectly — prob- 
ably indirectly — causes  precipitation  of  the  iron  from  the  soluble 

form  to  the  suspended,  in  the  form  of  sulphide  of  iron,  and  it  is 
not,  perhaps,  too  much  to  hope  that  a  tank  might  be  so  constructed 
that  this  iron  would  be  to  a  large  extent  removed  from  the  sewage 

by  the  septic  process ;  on  the  other  hand,  precipitated  in  that  finely 
divided  form,  it  is  very  easily  oxidized  back  to  the  sulphate,  in 
which  state  it  is  readily  dissolved  by  the  water  and  carried  out 
of  the  septic  tank  and  onto  the  filters.  A  large  tank,  holding 
about  350,000  gallons,  has  been  used  as  a  septic  tank  for  a  time. 
The  results  obtained  with  this  acid  sewage  do  not  vary  greatly  from 
those  of  domestic  sewage ;  there  are  some  minor  details  of  variation. 
The  effluent  from  the  septic  tank  running  under  the  conditions 
which  have  been  tried  is  exceedingly  offensive. 

The  population  in  the  vicinity  of  the  tank  is  growing ;  new 
houses  are  being  built  from  time  to  time  in  the  immediate  vicinity, 
so  that  the  problem  of  odors  is  one  to  be  seriously  considered.  The 

problem  of  odors  from  the  septic  tank — as  considered  there — is  not 
so  serious  as  the  problem  arising  from  the  odor  given  off  by  the 

water  as  it  is  spread  upon  the  filters.  The  area  of  the  septic  tank — 
even  though  it  is  not  covered  with  scum — is  comparatively  small, 
but  when  this  amount  of  water  is  turned  out  onto  the  filters  it  is 

exposed  to  the  air,  and  there  is  a  very  large  surface  of  water  from 
which  the  offensive  odors  can  arise. 

I  don't  know  that  I  can  add  anything  more  that  will  be  interest- 
ing. I  shall  be  very  much  pleased  to  see  this  Society  in  Worcester 

at  some  time  to  visit  our  works.    They  are  still  in  operation  ! 
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Chemical  Examination  of  Sewage  and  Effluents. 

Chemical 
Sewage. 

Free       2.254 

.  „         •  Total      1. 121 
Albuminoid  dissolved   375 

Suspended   746 

T...^  r  Nitrates           — 
Nitrogen  as  I  ̂.^^j^^^           _ 

Effluent. Filtrate 

2.320 1.082 •524 

.083 

•394 

.083 

.130 

.000 

.157 

.454 
•0349 

.oi8< 
6.90 0.76 

5.62 

0.76 

11.31 

10.55 

r\  J  fUnfilfered      15.25 
Oxygen  consumed  <  ̂.,         ,  „  „ 1  Filtered       8.80 

Chlorine       12.48 

Note. — An  average  of  150,000  gallons  of  chemical  efHuent  have  been  fil- 
tered per  acre  per  day. 

The  above  are  the  average  analyses  of  sewage,  chemical  effluent 
and  filtrate  from  the  filter  beds  for  the  last  fiscal  year. 

Prof.  L.  P.  Kinnicutt. — I  am  sure  that  we  all  feel  greatly 
indebted  to  Mr.  Goodnough  and  Mr.  Snow  for  the  two  interesting 

papers  that  we  have  heard  to-night,  and  we  all  feel  proud  of  what 
Massachusetts  has  done  and  is  doing  toward  solving  the  various 
problems  of  sanitary  science. 

There  is  no  question  that  the  world  owes  to  Massachusetts  the 
process  of  intermittent  filtration  for  the  purification  of  sewage ;  for, 
though  it  was  known  as  early  as  1865  that  the  putrefying  substances 

in  sew^age  could  be  removed  by  filtration  through  sand,  it  was  the 
work  of  the  Massachusetts  State  Board  of  Health  that  proved  that 
this  method  of  treating  sewage  was  practicable  on  a  large  scale.  Mr. 
Goodnough  has  shown  us  this  evening  how  widely  this  method  is 
now  used  in  Massachusetts,  and  with  what  excellent  results.  Still, 

as  Mr.  Snow  has  said,  this  process  is  unfortunately  not  by  any 
means  always  possible ;  it  requires  not  only  a  comparatively  large 

area  of  land,  but  also  land  of  the  right  character — i.  e.,  sand  of  a 
certain  size  and  uniformity — and  when  this  does  not  occur  in  the 
near  neighborhood  of  a  town  or  city,  that  town  or  city  must  use 
other  methods  of  sewage  treatment. 

As  to  the  process  of  intermittent  filtration,  if  the  plant  is  well 
designed  and  carefully  operated,  it  is  sure  to  give  good  results ;  but 

no  greater  mistake  can  be  made  than  to  leave  a  well-constructed 
plant  to  the  care  of  an  untrained  man,  and,  in  m}^  opinion,  no  better 
use  could  be  m.ade  of  a  part  of  the  money  received  by  the  Board  of 
Health  from  the  State  than  to  employ  a  thoroughly  trained  man, 

whose  whole  time  should  be  given  up  to  visiting  the  various  inter- 
mittent filtration  plants  in  Massachusetts,  watching  the  w^orking  of 

these  plants  and  showing  how  they  should  be  operated. 
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The  newer  methods  of  treatment,  methods  for  towns  or  cities 

where  intermittent  fiUration  is  not  possible,  are  the  result  of  investi- 
gations made  in  England,  and  experimental  work  in  England  is  done 

on  a  mttch  larger  and  more  practical  scale  than  in  this  country.  The 
experimental  septic  tanks  at  ̂ Manchester  and  Leeds  have  a  capacity 
of  over  20,000  gallons ;  the  experimental  contact  beds  that  I  have 

seen  in  England  were  never  smaller  than  one-seventieth  of  an  acre, 
and  ran  from  that  size  up  to  one-half  an  acre  (the  size  of  those  at 
Birmingham),  and  the  experimental  percolating  filters  are  also  built 
on  the  same  large  scale.    Is  there  not  in  this  a  lesson  for  us  ? 

Contact  beds  when  well  designed  and  carefully  operated  are 
successful.  The  only  question  is  the  cost  of  maintenance,  and  this 
depends  upon  how  long  a  contact  bed  will  continue  to  work  before 
the  filling  material  will  have  to  be  removed  and  washed.  Personally 

I  think  the  danger  of  permanent  loss  of  capacity  has  been  exag- 
gerated. 

The  continuous  intermittent  or  the  percolating  filter  is  the 
newest  method  for  treating  sewage.  These  filters  certainly  treat  a 
very  much  larger  amount  of  sewage  per  given  area  per  day  than 

any  other  sewage  purification  process.  The  effluent  though  contain- 
ing suspended  matter  (which,  hov;ever,  is  only  slightly  putrescible) 

contains  a  very  large  amount  of  nitrogen  in  the  form  of  nitrates. 
Under  certain  conditions  I  am  persuaded  that  percolating  filters 
ofiFer  the  best  and  cheapest  method  of  removing  the  putrescible 
substances  from  sewage,  and  I  am  not  sure  but  that  in  certain  places 
in  southern  Xew  England  they  could  be  used  to  advantage,  though 

I  doubt  if  in  northern  Xew  England  the  results  would  be  satisfac- 
tory during  the  winter  months. 
I  have  already  taken  too  much  of  your  time,  especially  at  this 

late  hour  of  the  evening;,  and  I  will  only  say  one  word  more,  and 
that  is,  that  though  we  are  well  on  the  way  toward  satisfactorily 
solving  the  problem  of  the  treatment  of  domestic  sewage,  yet  there 
is  still  room  for  investigation  and  study,  especially  as  regards  sewage 
containing  large  amounts  of  manufacturing  waste. 

;Mr.  Freeman  C.  Coffix. — The  pictures  on  the  slide  recall 
some  of  the  first  work  that  I  did  in  connection  with  sewage  disposal. 

The  engineer  in  charge  of  the  designing  and  construction  of  a  sew- 
erage system  at  Marlborough  had  very  little  precedent  to  follow  in 

designing  the  filter  beds,  and  it  was  a  good  deal  like  working  in  the 

dark.  The  system  was  designed  in  1890  and  built  in  1891.  The 

tank  which  received  the  sewage — curiously  enough — was  in  some 
respects  quite  similar  to  the  present  septic  tank.  The  sewage  came 
in  about  at  the  flow  line,  and  was  held  by  a  partition  in  the  tank, 
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over  which  it  flowed  in  a  thin  stream.  After  that  it  flowed  through 

a  screen  and  passed  out  into  the  outlet  sewer.  The  sludge  was  de- 
posited in  this  tank  above  the  partition,  and  the  conditions  there 

were  such  that  it  could  be  drawn  off  from  the  bottom  of  the  tank  by 
gravity  onto  the  sludge  beds.  I  have  not  known  much  about  the 

operation  of  these  beds.  I  believe  that  they  have  been  entirely  suc- 
cessful, and  the  area,  according  to  the  figures  given,  has  not  been 

increased  since  the  original  installation.  I  was  somewhat  surprised 
at  this,  as  I  thought  it  had  been  increased. 

In  following  the  discussion  to-night  it  has  occurred  to  me 
that  sometimes  difficult  problems  of  sewage  disposal  are  connected 
with  very  small  plants.  Last  year  I  was  asked  to  design  a  system  for 
disposing  of  a  small  amount  of  sewage,  about  7000  or  8000  gallons 
a  day.  The  conditions  were  these :  The  sewage  must  be  disposed  of 

on  the  premises.  (It  was  for  a  school  in  Wellesley,  in  a  thickly  set- 
tled part  of  the  town,  with  something  like  100  to  150  inmates.)  The 

sewage  was  originally  disposed  of,  or  supposed  to  be  disposed  of,  by 
a  subsoil  system,  which  was  totally  ineffective ;  the  crude  sewage 
was  flowing  into  a  stream.  The  Park  Commissioners  notified  the 
authorities  of  the  school  that  this  must  not  continue.  It  was  ex- 

pected that  the  town  of  Wellesley  would  have  a  public  sewerage 
system  within  a  short  time,  and  it  was  desired  to  avoid  expense  as 

much  as  possible.  The  conditions  for  disposal  of  this  sewage  with- 
out committing  a  nuisance  and  without  polluting  the  stream  were 

very  difficult.  The  grounds  were  limited,  something  like  two  acres, 
which  included  the  buildings  and  all  the  grounds  they  had.  There 

was  in  my  opinion  no  possibility  of  disposing  of  the  sewage  effectu- 
ally by  any  subsoil  system.  It  was  rather  difficult  to  determine  what 

to  do,  but  eventually  the  following  plant  w^as  designed  and  con- 
structed :  a  regular  sand  filter,  entirely  artificial,  and  in  connection 

with  it,  for  preliminary  treatment,  a  coke  strainer  following  out  the 
suggestions  of  the  experiments  of  the  State  Board  of  Health.  It  was 
designed  on  as  economical  lines  as  practicable,  knowing  that  it  was 
possible  that  the  capacity  of  the  plant  would  have  to  be  increased. 

The  sewage  is  taken  into  a  small  pump  well  and  pumped  by  a  gaso- 
line engine,  direct  connected  to  a  centrifugal  pump.  A  septic  tank 

was  considered,  but  on  account  of  the  danger  of  odors  it  was  not 
adopted.  The  plant  was  covered  with  a  roof  above  the  ground.  One 

of  the  disadvantages  I  have  found  with  a  filter  bed  under  a  roof  com- 
pared with  outdoor  beds  is  that  there  is  no  drying  off  of  the  sludge 

under  a  roof,  which  makes  the  sludge  problem  more  difficult.  I  was 
somewhat  disappointed  in  the  action  of  the  coke  filter  that  it  did  not 
remove  anv  more  of  the  sludge.     The  coke  filter  was  designed  for  a 
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rate  of  about  1,000,000  gallons  and  the  sand  filter  for  about  300,000 

gallons  per  acre  per  day.  This  plant  went  along  all  right  until  last 

spring,  when  I  was  notified  that  it  would  not  work,  that  the  under- 
drains  were  all  clogged  up  and  no  sewage  could  get  through.  An 
examination  was  made,  and  it  was  found  that  there  had  been  no 

removal  of  the  sludge  from  the  surface  of  the  beds  and  the  filter  was 
completely  choked  up.  After  investigating  the  matter  and  asking 
many  questions  we  were  informed  by  the  man  who  had  it  in  charge 
that  their  method  was  not  to  remove  the  sludge  as  directed,  but  to 

dig  it  over  and  let  the  sewage  through ;  when  this  failed  they  got  a 
negro  to  come  there  and  run  a  bar  down  in  different  places  until  the 
sewage  disappeared.  They  kept  it  going  until  about  the  first  of  May 

in  that  way.  when  they  could  not  make  it  go  any  longer  and  the  sew- 
age began  to  run  out  over  the  sides  of  the  bed,  and  they  sent  for  me. 

About  a  food  of  sand  and  sludge  was  removed  and  the  filter  put  in 

good  order  again.  \\'e  left  written  directions  as  to  how  the  plant 
should  be  operated,  and  it  went  along  all  right  until  this  fall,  when 
we  were  notified  again  that  it  would  not  work ;  that  they  had  carried 
out  the  instructions  carefully,  but  it  would  not  go.  We  examined  it 
again  and  the  same  conditions  were  found  to  exist,  although  not 
quite  so  bad.  There  were  about  3  inches  of  sludge  to  be  raked  off.  I 

don't  know  what  the  results  now  are,  but  aside  from  these  times  it 
has  taken  care  of  the  sevrage  very  satisfactorily,  and  there  was  no 
odor,  except  possibly  a  little  inside  of  the  roof  from  the  pump  well. 
I  hope  that  if  it  is  handled  properly  it  will  keep  going  until  the  town 
provides  a  public  system. 

Mr.  F.  p.  Ste.xrxs. — I  have  not  studied  at  all  carefully  the 
methods  of  sewage  disposal  which  have  been  advanced  in  recent 
years ;  but,  from  what  I  have  read  and  heard  regarding  them,  and 

particularly  from  the  statements  which  have  been  made  to-night  by 
Mr.  Goodnough,  I  feel  that  it  will  not  be  necessary  for  the  present, 
under  the  conditions  which  generally  obtain  in  Massachusetts,  to 
consider  at  all  fully  anything  but  intermittent  filtration.  In  nearly 
all  parts  of  Massachusetts  there  are  suitable  conditions  for  this 
method  of  disposal. 

As  I  cannot  add  anything  of  value  to  the  discussion  of  methods, 
I  will  present  a  summary  of  the  results  obtained  with  the  works  for 

the  disposal  of  sewage  by  intermittent  filtration  built  by  the  Metro- 
politan Water  Board  at  Clinton.  These  works  include  intercepting 

sewers,  a  receiving  reservoir  and  pumping  station  and  23^  acres  of 
filter  beds  in  a  territory  of  upwards  of  100  acres.  The  cost  of  these 
works,  exclusive  of  land  damages,  was  $104,000,  and  including  land 

dam.ages,  which,  owing  to  the  circum.stances,  were  excessive  in  comi- 
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parison  with  the  actual  value  of  the  land,  about  $142,000.  The  cost 

of  pumping  the  sewage  for  the  last  three  years  has  averaged  $2300 

per  year,  and  of  maintaining  the  filter  beds,  screeens  and  sewers 

$2400  per  year.  Several  buildings  were  included  wath  the  land 

taken,  and  the  revenue  for  rent  received  from  these  buildings  and 

from  other  sources  amounts  to  $400  per  year,  so  that  the  net  annual 

expense,  exclusive  of  fixed  charges,  is  $4300.  The  fixed  charges 

may  be  reckoned  at  5  per  cent,  on  the  cost  of  the  works,  equal  to 

S7100  per  year,  making  the  total  annual  cost,  including  fixed 

charges,  $11,400.  As  the  town  of  Clinton  has  a  population  of  about 

14,000,  the  cost  of  disposing  of  the  sewage  by  this  system,  which 

provides  a  thorough  purification  of  the  sewage,  is  about  $0.81  per 

inhabitant,  which  does  not  seem  to  be  an  unreasonable  price  for 

disposing  of  the  sewage  of  an  inland  town. 

Mr.  Geo.  A.  Carpenter. — I  have  been  pleased  with  the  papers 

read  to-night  and  with  the  slides  shown  upon  the  screen.  I  have 
been  impressed  in  particular  with  the  large  areas  used  by,  or  at  the 

disposal  of,  the  various  cities  and  towns  of  Massachusetts  in  which 

sewage  disposal  systems  have  been  constructed,  as  compared  with 

the  area  in  use  in  my  own  city,  Paw^tucket,  R.  L 
In  Pawtucket  we  have  been  studying  the  problem  of  sewage 

disposal  by  intermittent  sand  filtration  since  1894,  and  have  also 

conducted  some  experiments  with  the  septic  tank. 

Only  a  portion  of  our  sewers,  13.22  miles,  are  in  the  section 

connected  with  the  filter  fields.  The  population  within  the  territory 

sewered  is  about  7300,  but  the  population  actually  connected  is  only 

about  5100.  Last  year  an  average  of  133,000  gallons  of  sewage 

per  day  were  treated,  the  maximum  for  a  month  being  171,000  gal- 
lons per  day. 

The  sewage  is  very  strong,  averaging  1.41  parts  of  albuminoid 

ammonia  per  100,000,  and  comes  to  the  plant  fresh  from  the  con- 
nections, with  very  little  time  for  any  breaking  up  of  the  organic 

matter  or  for  any  septic  action  before  reaching  the  collecting  tanks. 

It  is  domestic  sewage  almost  wholly,  there  being  no  large  amount  of 

manufacturing  wastes  present. 

We  have  had  in  actual  service  2.35  acres  of  sand  beds  and  arc 

now  constructing  i  acre  more.  The  original  area  is  divided  intO' 
13  beds  of  varying  size.  Four  of  these  beds  are  known  as  sludge 

beds,  and  receive  the  settled  sewage  from  the  lower  6  inches  of  the 

tanks  at  a  rate  of  80,000  gallons  per  acre.  They  are  dosed  in  rota- 
tion and  sewage  is  applied  to  each  of  these  sludge  beds  every  fourth 

day. 

The  remaining  beds  are  also  dosed  in  rotation,  but  at  a  rat-e  of" 
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100.000  gallons  per  acre.  Figured  on  the  basis  of  365  days  in  the 

year,  these  beds  have  received  the  equivalent  of  about  64,000  gallons 

per  acre  per  day  for  each  day  in  the  year. 

The  effluent  from  the  sand  beds  shows  a  removal  of  92  per 

cent,  of  the  organic  matter  in  the  original  sewage,  as  represented 

by  the  albuminoid  ammonia,  and  shows  the  presence  of  2.71  parts 

of  nitrates  per  100,000. 

Xo  matter  what  the  method  of  treatment  may  be,  except  direct 

disposal  into  tidewater,  there  will  always  be  a  certain  amount  of 

sludge,  varying  with  the  strength  of  the  sewage,  which  must  be 

handled  in  some  form.  ]^Iy  experience  would  indicate  that  the 

sludge  obtained  by  sedimentation  and  drawn  oft'  each  day  upon  sand 
beds  is  more  easily  handled  than  in  any  other  form. 

In  ordinary  weather,  from  the  last  of  April  to  the  middle  of 

Xovember,  sludge  collected  and  treated  in  this  way  will  quickly 

dry  out,  losing  a  large  percentage  of  its  moisture.  After  that  it  can 

be  raked  from  the  surface  of  the  sand  and  composted,  buried,  or 

burned,  if  proper  facilities  are  provided.  During  the  winter  season 

the  sludge  cannot  be  as  conveniently  handled  in  this  way.  If 

turned  on  sand  beds  it  does  not  readily  dry  out,  but  accumulates  in 

large  quantities  on  the  surface,  and  after  repeated  dosing  is  apt  to 

throw  the  bed  out  of  service  altogether. 

Right  here,  it  seems  to  me,  the  septic  tank  may  perhaps  be 

introduced  with  profit.  The  septic  effluent,  freed  from  a  large  part 

of  the  matter  in  suspension,  can  be  readily  disposed  of  on  the  sand 

beds,  and  the  accumulating  sludge — and  I  believe  it  will  be  found 

that  sludge  H'lll  accumulate  in  all  cases  with  a  domestic  sewage  of 

any  considerable  strength — can  be  taken  from  the  tank  in  the  spring 
and  then  disposed  of. 

Sludge  from  the  septic  tank  is  much  more  offensive  and  more 

difficult  to  handle  than  sludge  obtained  by  sedimentation  which  is 

raked  each  day  from  the  surface  of  the  sand.  But  the  septic  tank 

will  relieve  the  sludge  beds  in  winter  weather,  the  most  trying 

season,  and  in  this  way  may  be  made  a  valuable  addition  to  a  plant 

for  the  disposal  of  sewage  by  intermittent  filtration. 

An  interesting  peculiarity  noticed  in  the  action  of  the  septic 

tank  was  the  steady  accumulation  of  sludge  in  the  bottom  of  the 

tank  for  the  first  four  months,  until  about  30  per  cent,  of  the  capacity 

was  thus  occupied.  Upon  measuring  the  sludge  the  next  month  it 
was  found  that  it  had  risen  from  the  bottom  and  now  floated  at  the 

surface,  and  that  the  amount  had  been  reduced,  in  one  instance, 

about  40  per  cent,  and  in  another  about  28  per  cent.  The  first  time 

this  reduction  was  noticed  it  was  presumed  some  mistake  had  been 
28 
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made,  but  a  repetition  of  the  measurements  proved  that  they  were 
correct. 

It  would  seem  that  in  the  operation  of  the  tank  the  skidge 

gradually  settles  to  the  bottom,  where  it  is  acted  upon  by  the  bac- 
teria, is  gradually  lightened  and  finally  rises  to  the  surface.  It 

seems  probable  that  at  such  times  a  considerable  amount  of  the 

matter  in  suspension  may  pass  off  in  the  effluent,  which  would  ac- 
count for  the  reduction  in  the  quantity  of  the  sludge  which  was 

observed. 

It  should  be  stated  in  this  connection  that  the  septic  experi- 
ments were  made  in  one  of  our  settling  tanks,  having  an  area  of 

3000  square  feet,  but  the  depth  at  which  the  sewage  could  be  held 
was  only  3  feet. 

The  first  accounts  of  the  working  of  the  septic  tank  which  came 

to  this  country  from  England  led  engineers  to  believe  that  its  instal- 
lation meant  the  end  of  the  sludge  problem ;  that  it  would  maintain 

itself  without  any  accumulation  of  sludge.  I  do  not  believe  that  can 
be  shown  to  be  true  in  any  case  where  a  strong  domestic  sewage  is 
treated. 

One  difficulty  which  I  have  encountered  in  my  efforts  to  collect 

information  regarding  the  operation  of  various  plants  throughout 

the  country- — outside  the  State  of  Massachusetts — is  the  fact  that 
very  little  detailed  information  regarding  the  strength  of  the  sewage, 
the  purification  effected  by  the  process,  or  the  amount  of  sludge 

accumulated  in  the  septic  tank  accompanies  the  reports  or  state- 
ments made  respecting  the  workings  of  such  plants.  Statements 

are  much  too  general,  and  some  uniform  system  of  recording  data 
should  be  adopted,  so  that  comparisons  might  be  made. 

I  know  that,  to  a  large  extent,  engineers  themselves  are  not 

responsible  for  this  lack  of  detailed  information,  for  municipalities 

are  generally  unwilling  to  grant  permission  to  incur  the  expenses 
contingent  upon  such  work.  Generally,  however,  it  is  money  well 

invested,  for  one  city  profits  by  the  experiences  of  another,  and  each 

should  do  its  part  in  promoting  any  work  relating  to  the  protection 
of  the  public  health  and  the  improvement  of  municipal  conditions. 

Mr.  T.  Howard  Barnes. — I  would  cite  an  instance  where  the 

experiments  made  by  the  Massachusetts  State  Board  of  Health  have 

pointed  out  the  possibilities  and  limitations  in  the  disposal  of  sewage 

with  sufficient  clearness  to  enable  me  to  plan  safely,  under  condi- 
tions differing  from  those  at  the  place  of  experimentation. 

I  would  say,  in  passing,  that  the  boldness  required  in  the  case 

of  Gardner  or  of  Brockton,  in  the  early  days  of  Massachusetts  filtra- 
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tion  systems  of  sewage  disposal,  is  not  now  demanded  in  applying 

these  experimental  data  to  actual  works.  The  splendid  demon- 
strations of  the  reliability  of  these  data  give  the  force  of  actual 

assurance  in  applying  these  results  to  practical  ends. 

The  instance  referred  to  is  that  of  a  Southern  city,  where  frost 

is  not  troublesome.  The  sewage  would  so  rapidly  reach  the  outlet 

as  to  be  perhaps  not  even  stale.  The  value  of  the  sewage  for  irri- 
gating purposes  was  also  a  factor,  especially  as  it  was  possible  to 

distribute  it  by  gravity.  There  existed  abundant  areas  of  sand 

analyzing  155/1000  mm.  effective  size,  and  with  a  uniformity  coeffi- 
cient of  2.15.  Having  this  fineness,  the  importance  of  avoiding  sur- 
face clogging  is  apparent. 

The  conditions,  briefly  stated,  then  were:  (i)  A  fresh  sew- 

age; (2)  a  filtration  area  of  fine  sand;  (3)  a  high  average  tem- 

perature, without  freeezing  conditions;  (4)  an  easily  developed  irri- 
gation adjunct. 

The  value  of  simple  subsidence,  as  demonstrated  in  the  Law- 
rence experiments,  was  the  ̂ rst  suggestion  of  particular  import. 

As  there  demonstrated  experimentally,  a  period  of  four  hours  per- 
mits rates  of  filtration  of  the  liquid  sewage  about  double  that  of 

sewage  simply  staled  and  unscreened.  This  process  had  further 

value  in  this  instance  in  (i)  carrying  the  sewage  to  the  point  of 
staling  or  further,  and  (2)  its  adaptability  to  another  requirement 
incidental  to  all  small  plants,  namely,  that  the  care  thereof  should  be 
as  far  as  possible  automatic.  The  process  of  subsidence,  therefore, 

might  be  accomplished,  to  a  large  extent,  in  the  reservoirs  needed 

to  detain  a  quantity  of  sewage  for  automatically  periodical  dis- 
charge. 

The  second  suggestion  deduc-ed  from  the  Massachusetts  experi- 
ments was  the  danger  of  protracting  the  subsidence  and  consequent 

septic  action.  The  experiments  made  upon  Andover  sewage  showed 

that  a  point  in  septicizing  sewage  might  be  reached  when  toxic  ele- 
ments would  be  evolved.  With  a  prospective  value  of  the  sewage 

for  irrigation,  such  a  consequence  would  be  fatal  to  the  usefulness 

of  it  for  this  purpose,  to  say  nothing  of  the  effect  upon  the  degree  of 

purification  obtainable  upon  the  filtration  areas. 

To  meet  this  point  of  objection,  and  to  permit  a  study  of  the 

"individuality"  of  the  sewage  in  its  particular  surroundings,  the 
receiving  reservoirs  were  designed  with  compartments  capable  of 
being  used  singly  or  together.  This  affords  a  variable  period  of 

detention,  also  an  opportunity  to  throw  one  of  the  subsidence  com- 
partments  out  of  commission,   while   another   is   being  used.     A 
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sludge  bed  was  designed,  so  situated  and  connected,  that  the  sludge 

might  be  removed  to  it  by  gravity.  Then,  too,  an  opportunity  was 

afforded  for  the  sludge  to  undergo  septic  action,  if  found  desirable, 

in  order  to  liquefy  some  portion  of  the  mass. 

The  works  are  not  yet  built,  but  are  cited  as  an  instance,  as  at 

first  stated,  of  the  great  value  which  the  Massachusetts  experiments 

have  been  in  meeting  conditions  not  found  in  this  State. 

Mr.  Otis  F.  Clapp. — The  city  of  Providence  has  adopted  the 

"chemical  precipitation  method  of  sewage  disposal,"  the  conditions 
being  such  that  other  methods  could  not  be  used  on  account  of  a 

want  of  room  within  the  city  limits,  and  the  great  expense  which 

would  be  involved  in  carrying  the  sewage  to  distant  points.  The 

subject  was  thoroughly  investigated,  and  Mr.  S.  M.  Gray,  then  City 

Engineer,  was  sent  to  Europe  to  examine  the  existing  systems  in  use 

there,  his  recommendation  being  for  chemical  precipitation. 

Providence  has  a  population  of  181,000,  and  is  situated  at  the 

head  of  Narragansett  Bay,  30  miles  from  the  ocean.  The  shores 

of  this  bay  are  dotted  with  summer  cottages  and  pleasure  resorts, 

and  its  waters  are  used  for  fishing  and  the  cultivation  of  oysters 

and  clams.  The  necessity  for  removing,  so  far  as  possible,  any  pollu- 
tion from  these  waters  can  be  readily  seen. 

The  sewerage  system  comprises  about  190  miles  of  sewers, 

about  164  miles  being  in  the  regular  system  and  the  balance  is  what 

is  termed  the  improved  or  intercepting  system ;  also  a  sewage  pump- 
ing station  and  a  precipitation  plant.  The  latter  system  of  sewers, 

begun  in  1890,  was  so  far  completed  by  the  spring  of  1897  that  the 

pumps  were  started  and  the  crude  sewage  emptied  at  Field's  Point. 
In  1898  the  construction  of  the  precipitation  plant  was  begun, 

and  by  September,  1901,  continuous  treatment  of  sewage  was 

started,  and  since  January  i,  1902,  the  full  plant  has  been  in  opera- 
tion. 

The  daily  average  flow  for  dry  weather  is  not  far  from  16,500,- 

000  gallons.  This  sewage  is  very  strong  in"  the  daytime,  containing 
not  less,  probably,  than  6,000,000  to  7,000,000  gallons  of  wastes 

from  woolen  mills,  dye  works,  print  works,  bleacheries,  soap  works, 

jewelry  manufactories,  etc.,  which  together  produce  a  very  dark 

mass,  changeable  in  color  and  strongly  alkaline. 

The  chemicals  used  are  lime  and  sulphate  of  iron. 

The  pressed  sludge  is  now  being  used  for  filling,  although  the 

works  are  so  constructed  that  the  wet  sludge  can  be  discharged 

from  the  sludge  reservoirs  into  vessels  and  taken  out  to  sea. 

The  precipitation  plant  consists  of  20  concrete  tanks,  4  large  or 
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roughing  tanks,  about  100  feet  square,  and  16  smaller  ones,  called 

finishing  tanks,  60  by  115  feet,  with  5  sludge  reservoirs,  a  press 

house,  a  chemical  building  and  a  laboratory  and  office  building. 
Eighteen  of  the  tanks  are  contained  in  a  rectangular  area,  270 

by  670  feet,  with  2  roughing  tanks  extending  to  one  side,  the  whole 

covering  an  area  of  5.03  acres  and  having  a  cubic  capacity  of  ii,- 
133.000  gallons. 

The  sewage,  after  passing  through  a  mixing  channel,  enters  the 

roughing  tanks ;  surface  channels  are  arranged  so  that  the  effluent 

from  any  roughing  tank  can  be  conveyed  to  any  finishing  tank 

through  a  central  channel  running  lengthwise  of  the  group  of  tanks ; 

the  inlet  into  the  finishing  tank  is  regulated  by  a  gate  and  a  weir 
across  the  end  of  the  tank,  the  outfall  being  over  a  weir,  which  is 

also  the  whole  width  of  tank,  thus  securing  an  even  and  steady  flow 

through  the  tank.  \\'hen  a  tank  is  to  be  cleaned  the  clear  effluent 
is  drawn  off  through  a  floating  weir  into  channels  constructed  in 

the  masonry  walls,  and  the  sludge  is  discharged  through  open  chan- 
nels in  the  corridors,  arranged  so  that  the  whole  length  can  be  in- 

spected and  cleaned.  The  sludge  is  brought  to  a  sludge  well  situated 
close  to  the  press  house,  from  which  it  flows  into  the  Shone  ejectors,, 
situated  in  a  well  inside  of  the  house.  The  ejectors  (two  500  gallon) 
raise  the  sludge  about  50  feet  into  reservoirs  back  of  the  building, 
thence  it  flows  to  the  forcing  receivers,  steel  tanks  12  feet  long  by 
8  feet  in  diameter,  to  which  compressed  air  of  from  60  to  80  pounds 

pressure  is  applied  and  the  sludge  forced  into  the  presses ;  the  ef- 
fluent is  sent  back  through  the  tanks  again  and  the  sludge  is  carried 

away  in  steel  cars  drawn  by  a  small  steam  locomotive  to  the  dump. 

The  pumping  and  pressing  is  done  by  compressed  air,  for  which 
purpose  two  Rand  air  compressors  are  used.  These  compressors 
are  driven  by  electric  motors,  one  of  50  and  the  other  of  150  nominal 

horse  power.  Electricity  for  power  and  lighting  the  works  is  fur- 
nished by  the  local  electric  light  plant,  and  is  of  the  3-phase  type. 

The  presses  were  made  by  John  Johnson  &  Co.,  of  New  York ; 

they  are  the  regular  English  type,  with  3-foot  square  plates,  and 
make  f-inch  cakes. 

The  character  of  the  sewage,  and  therefore  of  the  sludge, 

varies  with  almost  every  place,  depending  mainly  upon  the  number 

and  character  of  the  manufacturing  industries  existing  there. 

While  it  is  early  yet  to  give  results,  not  having  finished  a  year 
of  work  with  the  full  plant,  the  appearances  look  favorable,  and 

give  us  good  reason  to  believe  that  we  shall  not  be  behind  older 

plants  of  the  same  character.    Our  manager  and  chief  chemist,  Mr. 



250  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Julius  W.  Bugbee,  had  the  advantage  of  6  years'  experience  in 
Worcester,  and  his  work  has  proved  successful  from  the  first. 

The  cost  of  the  precipitation  plant,  including  everything  except 

original  cost  of  land,  has  been  $309,155.60,  and  the  maintenance 
will  be  considerable  below  the  original  estimated  cost. 

The  pumping  station  complete,  except  land,  cost  $273,437.24. 

Our  intercepting  sewers  have  cost  $2,967,742.73,  and  the  out- 
lay for  land  for  stations  and:  rights  of  way  has  been  $141,676, 

making  a  total  of  $3,692,011.57. 
The  regular  system  of  sewers  has  cost  $3,782,210.43. 
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THE  USE  OF  THE  SEPTIC  TA?^K  IX  CONNECTION 
WITH  SEWAGE  DISPOSAL  AVORKS. 

[Papers  and  discussion  at  the  meeting  of  the  Sanitan-  Section  of  the  Boston 
Societ}-  of  Civil  Engineers   held  February  3,  1904.*] 

Bv  yiR.  Frank  A.  Barbour.  Civil  Engineer.  Boston,  Mass. 

AxY  subject  is  interesting  until  its  merits  are  settled  ;  and  when, 

on  the  one  hand,  it  appears  that  the  ̂ Massachusetts  State  Board  of 

Health  will  not  sanction  plans  involving  the  use  of  prolonged  sedi- 
mentation, and  when,  on  the  other  hand,  we  tind  this  feature  in- 

cluded as  an  essential  part  in  a  majority  of  the  disposal  plants  con- 
structed during  the  past  five  years  and  recently  recommended  by  a 

leading  sanitary  engineer  for  use  in  perhaps  the  largest  sewage 

purification  system  yet  undertaken  in  this  country,  it  is  apparent  that 

the  merits  of  this  process  are  not  yet  settled.  To  add  spice  to  the 

situation,  two  diflferent  companies  have  brought  suit  at  a  number  of 

places  in  which  claims  for  proprietary  rights  are  made.  Certainly 

to  sortie  of  us  it  has  been  clearly  brought  home  that  the  so-called 
septic  tank  is  a  live  sanitary  issue  at  the  present  time. 

"When  is  a  settling  tank  not  a  settling  tank?"  is  an  interesting 
septic  conundrum.  The  answer  has  been  made  that  the  time  of 

holding  the  sewage  is  the  determining  factor,  but  what  this  time 

must  be  is  not  yet  apparent.  It  depends  upon  the  strength  and  age 

of  the  sewage,  and  anywhere  from  six  to  twenty-four  hours  has 
been  set  as  the  optimum  period. 

With  our  present  knowledge,  it  is  a  difficult  matter  to  state 

when  a  structure  in  which  the  sewage  is  brought  to  rest  ceases  to 

be  a  plain  settling  tank  and  becomes  a  so-called  septic  tank.  There 

is  nothing  in  the  design  to  determine  the  difference — nothing  neces- 
sarily in  the  size,  because  settling  tanks  may  include  provision  for 

mixing  and  equalizing  the  flow  of  manufactural  sewage.  If  the 

so-called  septic  tank  in  contradistinction  to  a  settling  tank  only 

exists  when  the  process  of  liquefaction  is  a  success,  then  its  defini- 
tion cannot  yet  be  predicated. 

Experience  has  clearly  shown  that  the  early  claims  as  to  the 

possible  results  of  liquefaction  were  exaggerated,  and  that  all  tanks 

into  which  sewage  flows  and  is  brought  to  such  a  state  of  rest  that 

the  solids  will  precipitate  will  sooner  or  later  accumulate  such  an 

amount  of  sludge  as  to  necessitate  emptying.  That  this  is  true  does 

not  finally  condemn  the  process ;  it  merely  limits  discussion  of  its 

*  Manuscript  received  March  26,   1904. — Secretary,  Ass'n  of  Enp-.   Socs. 
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merits  to  a  consideration  of  the  relative  economy  and  sanitary  effi- 
ciency of  prolonged  sedimentation  and  infrequent  discharge  of  the 

solid  matters,  as  compared  with  quick  sedimentation,  or  the  appli- 
cation of  raw  sewage  directly  to  the  filters. 

It  is  fair  to  base  the  case  for  these  preliminary  treatments  on 

their  use  in  connection  with  some  form  of  filtration — the  successful 

maintenance  of  which  divides  itself  into  two  parts — namely,  the  pre- 
vention of  clogging  of  the  surface  or  body  of  the  bed  material  by 

suspended  solids  and  the  application  of  the  liquid  in  such  doses  as 

to  effect  purification  at  the  highest  possible  rates.  It  is  at  once 

apparent  that  the  process  of  prolonged  sedimentation  may  be  like- 

wise considered  from  two  standpoints :  first,  its  effect  on  the  dispo- 
sition of  the  solid  matters  of  the  sewage ;  and,  secondly,  its  effect 

on  the  liquid  portion  in  making  purification  possible  at  higher  rates. 

Except  under  the  most  favorable  conditions  of  soil,  it  is  usually 

considered  to  be  advisable  to  remove  the  suspended  matters  from  the 

sewage  before  application  to  the  filters.  By  whatever  method  re- 
moved these  solids  are  difficult  to  dispose  of,  particularly  in  winter. 

At  Brockton,  where  the  solids  are  settled  out  and  applied  to  par- 
ticular beds,  1850  tons  of  rakings  were  handled  in  1902,  at  a  cost 

of  about  $1500.  In  winter  nothing  can  be  done,  and  when  the  thavt^- 
ing  process  begins  with  the  advent  of  warm  weather  the  critical 

period  of  operation  occurs,  and  there  is  apt  to  be  considerable  odor. 

It  is  possible  that  prolonged  sedimentation,  even  if  the  tanks  require 

periodic  emptying,  can  be  justified  in  the  possibility  of  holding  the 

solid  matters  during  certain  periods  of  the  year.  The  question  is 

one  of  relative  economy  in  maintenance  and  ability  to  dispose  of  the 

staler  sludge  without  nuisance. 

At  Saratoga,  N.  Y.,  there  are  two  periods  during  which  it  is 

especially  desirable  that  .the  filters  be  maintained  at  the  point  of 

highest  capacity,  namely,  the  summer  months,  when  the  population 

is  increased  from  a  normal  of  12,000  to  about  50,000  by  visitors, 

and  the  winter,  when  the  temperature  falls  to  an  extremely  low 

point.  Experience,  at  this  plant  during  the  present  severe  winter 

has  indicated  that — aside  from  whatever  liquefaction  of  the  solids 

may  be  effected — the  ability  to  avoid  the  discharge  of  sludge  on  the 
beds  during  periods  of  low  temperature  is  of  considerable  advantage. 

The  time  of  absorption  is  much  less  than  in  plants  handling  un- 
treated sewage. 

As  to  the  other  point  of  view,  from  which  the  process  of  pro- 
longed sedimentation  may  be  considered,  namely,  its  effect  on  the 

liquid  portion  of  the  sewage  so  as  to  make  higher  rates  of  filtration 

possible,  opinions  diff'er.    The  septic  skepticism  of  the  Massachusetts 
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State  Board  of  Health  is  largely  based  on  the  belief  that  it  is  easier 
to  purify  fresh  sewage  than  a  stale  effluent.  This,  because  of  the 
difficulty  in  effecting  nitrification.  On  the  other  hand,  a  prominent 
engineer  recently  testified  that  septic  effluent  could  be  purified  at 
rates  ten  times  as  great  as  those  possible  with  untreated  sewage,  this 
opinion  being  based,  not  so  much  on  the  removal  of  the  solids,  as 
on  the  condition  of  the  organic  contents  of  the  effluent. 

The  speaker  believes  that  by  adequate  aeration  and  by  applica- 
tion of  the  liquid  to  the  filters  in  small  doses,  and  at  such  rates  as  to 

effect  good  distribution,  a  stale  effluent  can  be  successfully  purified. 
The  anaerobic  condition  should,  so  far  as  possible,  be  ended 

before  the  effluent  reaches  the  filters,  and  this  can  be  done  by  prop- 
erly designed  aerators. 

In  the  speaker's  experience  on  six  different  plants  there  has 
been  no  difficulty  in  reaching  a  high  degree  of  purification. 

When  it  comes  to  comparing  th€  possible  rates  of  filtering  stale 
effluent  with  those  common  for  untreated  sewage,  the  difficulty  lies 
in  the  fact  that  the  maximum  rates  for  the  latter  have  not  yet  been 
demonstrated.  Massachusetts  plants  are  eminently  safe  and  worthy 
of  their  reputation,  but  the  distribution  systems  in  use  are  not  so 

well  designed  as  to  reasonably  make  them  a  criterion  of  the  maxi- 
mum rate  for  untreated  sewage.  Because  rates  of  25,000  to  50,000 

gallons  per  acre  daily  have  been  the  average,  is  not  a  proof  that 

higher  rates  cannot  be  successfully  maintained,  and  it  is  very  pos- 
sible that  if  the  same  care  were  taken  in  the  method  of  dosing, 

underdraining  and  general  design  of  filters  for  fresh  sewage  as  is 
necessary  for  the  successful  handling  of  a  stale  effluent,  rates  more 
nearly  approaching  those  claimed  for  the  latter  would  be  proved 

possible. 
Within  the  scope  of  these  remarks  but  little  detailed  reference 

can  be  made  to  particular  plants,  but  a  few  brief  statements  may  be 
of  interest. 

In  1899  a  tank  with  a  capacity  of  140,000  gallons  was  con- 
structed at  Marion,  Iowa.  It  is  in  one  compartment,  63  x  37  x  8 

feet,  covered  with  an  arched  masonry  roof.  The  flow  of  sewage, 
as  determined  by  gaugings,  equaled  about  165,000  gallons  daily.  This 
sewage  had  been  emptied  into  a  water  course,  and  suits  had  been 
brought  against  the  city  by  riparian  owners.  The  design  included 
filters,  but  only  the  tank  was  constructed.  It  was  not  emptied  for 
more  than  2^  years  after  being  put  into  operation,  and  has  handled 
the  sewage  without  nuisance  and  without  complaint  on  the  part  of 
those  living  on  the  stream.  The  following  analyses  of  the  sewage 
are  taken  from  a  recent  paper  by  Professor  Marston : 
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Total  solids   63.20  parts  per  100,000 

Free   Ammonia        1.60    "       "     100,000 
Albuminoid    Ammonia        1.80     "       "     100,000 

A  letter  received  last  week  from  a  city  official  declares  the  plant 

to  be  an  entire  success.  At  all  events  it  has  apparently  satisfied 
local  conditions. 

At  the  Ohio  Soldiers'  Home,  Sandusky,  tanks,  in  two  units  of 
50,000  gallons  capacity  each,  were  put  into  commission  in  May, 

1903.  The  sewage  amounts  to  about  100,000  gallons  per  day,  and  is 
somewhat  weaker  than  normal. 

Both  compartments  of  the  tank  were  used  during  the  early 

weeks  of  operation,  but  the  appearance  and  odor  of  the  effluent 

testified  to  a  too  prolonged  sedimentation,  and  one  unit  was  thrown 

out  of  use.  Since  the  change  62  per  cent,  of  the  organic  matter  of 

the  sewage,  as  shown  by  the  albuminoid  ammonias,  has  been  re- 

moved by  the  tank.  The  effluent  is  aerated  and.  automatically  ap- 
plied, in  doses  of  10,000  gallons,  to  sand  filters.  The  following 

figures  show  analyses  of  filtrate : 

Free  Ammonia      0.0052  parts  per  100,000 

Nitrates     1.80         "        "     100,000 

In  June,  1902,  tanks  of  1,000,000  gallons  capacity,  in  4  units, 

were  put  in  operation  at  Mansfield,  Ohio.  Each  unit  is  52  x  92  feet 

in  plan,  the  depth  varying  from  6.5  to  7.5  feet,  because  of  a  floating 

orifice,  which  maintains  a  practically  uniform  discharge  at  all  times, 

and  so  equalizes  the  hourly  variation  in  flow.  The  sewage  ranges 

in  quantity  from  700,000  to  1,000,000  gallons  per  day.  All  four 

units  are  used,  and  the  sedimentation  period  averages  somewhat 

over  twenty-four  hours. 

The  sewage  is  weaker  than  average  town  sewage,  the  free  am- 
monia varying  from  1.5  to  2  parts  per  100,000.  About  55  per  cent, 

of  the  organic  matter,  as  shown  by  albuminoid  ammonia,  is  retained 

by  the  tanks ;  on  the  basis  of  the  suspended  solids  75  per  cent,  is 

intercepted. 

On  September  15,  1903,  measurements  of  scum  and  deposit 
showed  the  former  to  be  less  than  three  inches  thick  at  the  maximum 

point,  and  in  many  places  only  a  fraction  of  an  inch,  while  th^ 

deposit  ranged  from  three  inches  to  six  inches  in  thickness.  Noth- 
ing has  been  removed  from  the  tanks  at  any  time. 

The  effluent  is  passed  through  cinder  contact  beds,  one  and  one- 

quarter  acres  in  area,  of  which  one-quarter  of  an  acre  is  out  of  com- 
mission at  all  times.  The  average  rate  of  operating  these  beds  is 

about  750,000  gallons  per  acre.  The  air  space  has  not  decreased 

perceptibly  after  the  first  month. 
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In  August,  1903,  tanks  of  1,000,000  gallons  capacity,  in  four 

units,  each  51.5  x  91.5  x  8  feet  deep,  were  put  into  operation  at 

Saratoga,  X.  Y.  The  discharge  of  each  tank  is  over  a  weir  and  the 

inlet  is  governed  by  a  gate,  so  that  the  amount  received  by  each  unit 

or  the  time  of  sedimentation  may  be  regulated  as  desired.  The 

amount  of  sewage  handled  has  varied  from  2,000,000  gallons  per 

day  in  August,  to  a  minimum  of  1,200,000  gallons  in  November,  and 

then  up  again  to  1,800.000  gallons  in  January. 

The  sewage  was  strong  in  August,  when  the  contributing  popu- 
lation varied  from  30,000  to  50,000  people,  but  in  the  other  months 

it  has  been  weaker  than  normal.  The  following  analyses  of  sample 

collected  November  2d,  when  the  flow  equaled  about  1,200,000  gal- 
lons, indicate  the  quality  of  the  sewage : 

Total  solids     67.70    parts  per  100,000 
Suspended  solids      28.10 
Free  Ammonia      2.1 120 

Total  Albuminoid  Ammonia       0.5200 

Suspended     "  ""     0.3150 
Chlorine     7.94 

100,000 

100,000 
100,000 

100,000 

100,000 

Analyses  of  the  tank  effluent  collected  on  same  day  show  the 

following  results  of  prolonged  sedimentation : 

Reduction  of  Organic  Matter  (basis  of  total  Al.  Am.).  .45.8  per  cent. 

"           ■'          ■'            "           "        '■  Susp.  "        ■'      ..70.2      " 
"  "  "  "  "       "      "     solids      74.7       " 

All  samples  are  collected  in  portions  at  intervals  throughout  the 

day.  About  515,000  pounds  of  dry  solid  matter  has  entered  the 

tanks  since  operation  was  begun,  and  145,000  pounds  of  these  solids 

have  passed  out  in  the  effluent.  Measurements  made  on  January 

23d,  with  a  gauge  similar  to  that  shown  in  Fowler's  "Sewage  Works 

Analysis,"  show  the  average  thickness  of  scum  to  be  16  inches  and  of 
deposit  also  16  inches.  The  following  figures  show  the  character 

of  the  scum  and  deposit : 
Scum  Deposit 

per  Cent.  per  Cent. 

Moisture      86.69   94-24 
Volatile  matter    10. 12    4.49 
Mineral  residue      3.19     1.27 

The  specific  gravity  of  the  scum  is  equal  to  0.972,  and  of  the 

deposit  1.024.  From  the  foregoing  figures  it  appears  that  there  are 

about  200,000  pounds  of  dry  matter  now  in  the  tanks,  indicating 

that  about  170,000  pounds,  or  40  per  cent.,  of  the  solids  left  in  the 

tanks  by  sedimentation  have  disappeared.  The  solids  which  pass 

through  the  tanks,  while  equal  to  30  per  cent,  of  the  total  in  the 

sewage,  are  so  fine  and  so  decomposed  that  no  visible  accumulation 
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takes  place  on  the  beds,  except  just  at  the  outlets,  where  a  slight 

deposit,  which  changes  from  day  to  day,  sometimes  appears. 

Analyses  of  this  deposit  show  it  to  contain  from  1.3  to  2  per  cent, 

of  nitrogen  and  from  7.4  to  8.9  per  cent,  of  fats. 

The  effluent  is  passed  over  an  aerator  and  applied  to  sand  filters, 

each  I  acre  in  area,  in  doses  of  35,000  gallons,  at  a  rate  of  8  cubic 

feet  per  second.  The  following  results  of  the  dissolved  oxygen  test 

may  be  interesting: 
Per  Cent,  of 

Saturation. 

Sewage  entering  tank     4.3 
Effluent  before  aeration     0.0 

Effluent  immediately  after  aeratxn     70.4 

Effluent  as  applied  to  fflters   40.4 

No  difificulty  has  been  encountered  in  effecting  nitrification,  and 

the  percentage  of  purification,  based  on  free  ammonias,  has  reached 

as  high  as  99.8  per  cent. 

The  solids  accumulated  most  rapidly  in  the  tanks  during  the 

first  month  of  operation.  From  September  ist  to  December  ist 

conditions  \vere  stationary,  but  after  December  ist  an  increased  rate 

of  accumulation  has  been  evident.  The  temperature  has  been  so 

lov.^  that  the  surface  of  the  scum  in  the  tanks  is  frozen. 

The  foregoing  brief  references  are  all  to  plants  too  recently 

put  into  operation  to  furnish  data  of  conclusive  value,  but  to  the 

speaker  they  indicate  that  there  are  possibilities  in  the  process  of 

staling  sewage  which  justify  its  further  use. 

Opportunity  for  engineers  to  scientifically  study  the  operation 

of  plants  designed  by  them  is  the  thing  most  needed  at  the  present 

time.  Perhaps  through  the  influence  of  our  Sanitary  Section  such 

a  standard  of  maintenance  will  be  established  that  engineers  will  be 

retained  at  least  during  the  first  year  of  operation.  If  this  were 

done  information  establishing  the  optimum  period  for  different 

qualities  of  sewage,  the  most  suitable  depth  and  design  of  tanks 

and  the  most  economical  and  sanitary  way  of  handling  the  sludge 

when  the  tanks  require  emptying  might  be  forthcoming.  In  the 

light  of  present  experience,  the  speaker  believes  that  for  small 

institutional  plants,  for  plants  in  which  it  is  desirable  that  the  daily 

attendance  be  reduced  to  a  minimum  for  places  where  sand  is  diffi- 
cult to  obtain  and  filters  are  expensive,  in  plants  where  there  is 

relatively  much  manufactural  waste  requiring  for  its  purification 

mixing  with  the  domestic  sewage,  and  in  plants  where  there  are 

seasonal  extremes  of  quantity  and  quality  of  the  sewage,  or  of 

temperature,  the  process  of  prolonged  sedimentation  is  zvorthy  of 
consideration. 
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BY    MR.    HARRISON    P.    EDDY,    SUPERINTENDENT    OF    SEWERS^ 

WORCESTER,    MASS. 

When  the  septic  tank  was  first  introduced  in  England  and  it  was 
found  that  it  did  not  at  once  fill  up  with  sludge,  many  engineers 
forthwith  jumped  to  the  conclusion  that  the  magic  properties  of  this 

method  entirely  consumed  the  solid  matter  removed  from  the  sew- 
age during  its  passag€  through  the  tank.  Opinion  on  this  subject, 

however,  is  gradually  changing  as  the  facts  are  more  carefully 
studied. 

It  is  now  generally  acknowledged  that  there  must  be  an  accu- 
mulation of  solid  matter  in  the  tank,  and  the  question  which  is  now 

paramount  is — how  much  will  this  amount  to?  That  there  is  a 
very  active  fermentation  going  on  in  the  tank  is  obvious  to  the  most 
casual  observer. 

The  proportion  of  suspended  matter  in  sewage  varies  widely, 
frequently  ranging  from  25  to  50  per  cent,  of  the  total  solids.  The 

first  function  of  the  tank  is  that  of  sedimentation,  resulting  in  remov- 
ing from  25  to  50  per  cent,  of  this  matter.  When  the  tank  is  first 

started  and  there  is  no  old  sludge  in  it  the  conditions  are  very  favor- 
able to  sedimentation.  The  sewage  is  admitted  in  a  continuous 

stream,  which  is  so  gauged  that  it  has  ample  opportunity  to  spread 
over  the  entire  width  of  the  basin,  and  flows  through  it  without 
creating  a  current  of  sufficient  velocity  to  prevent  sedimentation. 

The  solid  matter  which  finds  its  way  to  the  bottom  of  the  basin 
at  once  begins  to  decompose.  It  forms  a  very  fertile  nutrient 
medium  in  which  bacteria  multiply  rapidly.  An  average  of  45 

counts  gave  in  the  sludge  of  a  septic  tank  at  Worcester  over  12,000,- 
000  bacteria  per  cubic  centimeter,  while  in  the  supernatant  liquid  the 
number  averaged  at  the  same  time  barely  1,000,000  bacteria  per 
cubic  centimeter. 

The  bacteria  which  live  in  the  sludge  are  prolific  gas  producers, 

and  some  of  the  organic  suspended  matter  of  the  sewage  is  trans- 
formed by  them  into  gases  such  as  carbon  dioxide,  marsh  gas, 

nitrogen  and  hydrogen.  This  process  doubtless  accounts  for  some 
of  the  loss  in  organic  matter  credited  to  the  septic  tank. 

The  gas  thus  formed  is  held  mechanically  in  the  sludge  until 
it  accumulates  to  such  an  extent  that  it  is  able  to  lift  the  solid 

matter  which  is  holding  it  down  when  it  rushes  to  the  surface  of  the 
water,  and  if  not  again  held  back  by  solid  matter  is  liberated  into 
the  surrounding  atmosphere.  For  evidence  of  the  truth  of  this 
last  statement  there  is  no  need  of  chemical  analysis  if  the  observer 
has   the  misfortune   to   possess    a   reasonably    sensitive   olefactory 
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organ.  The  gas  carries  large  quantities  of  sludge  to  the  surface 

when  it  is  liberated  in  this  way.  Some  of  the  gas  is  even  held  by 
the  larger  particles  of  solid  matter  after  it  has  risen  to  the  surface, 

and  it  is  thus  able  to  float  for  some  time  until  perhaps  a  gust  of 
wind  or  a  shower  of  rain  liberates  the  gas  and  it  again  returns  to 

the  bottom  of  the  tank,  only  to  be  again  raised  by  a  fresh  lot  of  gas. 
If  the  weather  is  fair  and  there  is  little  wind  the  solids  thus  brought 

to  the  surface  may  remain  there  long  enough  for  quite  an  accumu- 
lation of  like  matter  to  take  place.  If  this  floating  sludge,  commonly 

called  scum,  is  not  disturbed,  it  will  interweave  in  such  a  manner 

that  the  elements  will  not  be  able  to  break  it  up.  It  will  also  become 

partially  impervious  to  the  gas  generated  under  it,  so  that  the  gases 
coming  up  will  be  retained,  and  in  this  way  a  thick  crust  will  be 

formed,  which  will  be  strong  enough  for  a  man  to  walk  upon  with 

perfect  safety. 
When  the  fermentation  is  active  in  the  tank  there  is  a  continu- 

ous evolution  of  gas  with  a  consequent  stirring  up  of  the  sludge.  It 
is  this  which  accounts  to  a  large  extent  for  the  suspended  matter  in 

the  effluent.  For  this  reason  it  is  wise  to  provide  for  a  distribution 

of  the  sludge  which  will  prevent,  as  far  as  possible,  the  carrying 

over  of  the  solid  matter.  This  was  accomplished  to  some  extent  with 

one  of  the  septic  tanks  at  Worcester.  The  tank  had  a  cement  bot- 

tom, at  a  nearly  uniform  depth,  below  the  top  of  the  basin  through- 
out its  length.  Wooden  partitions  were  erected  across  the  basin 

laterally,  dividing  it  into  4  compartments.  These  partitions  were 
only  just  high  enough  to  prevent  the  sludge  from  flowing  from  one 
compartment  into  the  next.  Directly  over  these  partitions  were 

hung  wooden  partitions  extending  down  from  the  surface  of  the 
water,  when  the  basin  was  full,  to  a  depth  sufficient  to  prevent  the 

scum  from  passing  from  one  section  to  the  next.  In  this  way  the 

sludge,  when  it  first  comes  into  the  tank,  is  confined  largely  to  the 
first  section.  Practically  all  of  the  heavier  particles  are  retained 
here.  The  most  active  fermentation  is  in  this  section,  and  as  the 

sludge  is  lifted  by  the  gases  and  the  smaller  particles  fall  slowly  to 
the  bottom  they  are  taken  over  into  the  next  section  by  the  current. 

In  this  way  there  is  a  sort  of  separating  of  the  different  qualities  of 
sludge,  and  that  which  is  less  actively  engaged  in  fermentation  is 
carried  down  toward  the  discharge  end  of  the  tank.  This  greatly 
facilitates  the  removal  of  the  suspended  matter.  The  scum  is  also 

largely  held  in  the  first  section  by  the  top  partitions.  The  details 
of  this  arrangement  of  partitions  are  given  only  to  illustrate  the 
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theory.  They  were  temporary  in  nature  and  only  for  experimental 

purposes. 
The  experiments  just  alluded  to  have  been  conducted  during 

about  4  years.  The  tank  is  166.66  feet  long.  40  feet  wide  and  about 

7  feet  deep.  Its  capacity  when  in  operation  is  350,000  gallons, 
allowing  for  filling  once  in  24  hours.  From  June,  1902,  until  July, 

1903,  it  was  in  continuous  operation  at  rates  ranging  from  300,000 

gallons  to  750,000  gallons  per  day.  Storm  water  was  always  ex- 
cluded. In  all.  approximately  185.000.000  gallons  were  passed 

through  the  tank  in  that  time.  The  amount  of  sludge  removed  from 

the  tank  at  the  end  of  the  period  was  56.250  gallons,  containing 

^5-3-5  pounds  of  solid  matter.  The  suspended  solids  entering  the 
tank,  but  not  passing  out  with  the  effluent,  amounted  to  134,904 

pounds.  Deducting  the  solid  matter  removed  from  the  tank  in  the 

form  of  sludge  there  were  69.579  pounds  of  solid  matter  destroyed. 

This  amounts  to  51.65  per  cent,  of  the  suspended  solids  removed 
from  the  sewage. 

The  amount  of  sludge  removed  from  the  basin  at  the  end  of 

this  period  came  to  1.5  cubic  yards  per  1,000,000  gallons  of  sewage 

passed  through  the  tank.  This  is  less  than  one-half  the  amount 
obtained  from  another  experiment,  and  it  is  very  doubtful  if  it 

would  be  safe  to  figure  on  an  accumulation  so  small.  It  is  also 

doubtful  just  how  far  to  allow  the  sludge  to  acccumulate  in  the  tank 

on  account  of  the  increasing  amount  of  suspended  matter  carried 

out  with  the  effluent.  If  we  allow  3  cubic  yards  per  1,000,000  gal- 

lons of  sewage,  the  amount  of  sludge  which  would  have  been  pro- 
duced at  Worcester  in  1903,  had  the  entire  flow  of  sewage  been 

treated  by  the  septic  process,  would  be  17,028  cubic  yards,  not  ex- 
actly in  a  negligible  quantity. 

The  sludge  from  the  septic  tank  is  a  very  characteristic  material. 

It  is  black,  usually  finely  divided,  rather  heavy  and  of  an  extremely 

offensive  odor,  unless  it  has  been  allowed  to  undergo  very  complete 
decomposition.  To  run  it  out  onto  land  in  its  natural  wet  condition 

would  make  an  intolerable  nuisance  if  there  were  any  dwellings 

nearby  or  if  the  plant  was  near  a  frequented  road.  It  can  be  re- 
duced in  volume  by  filter  pressing  only  with  great  difficulty  and  at 

very  excessive  cost. 

After  all,  even  this  process  has  not  gotten  rid  of  the  sludge, 

which  has  always  been  the  cause  of  serious  perplexity  with  all  sys- 

tems of  sewage  disposal — sedimentation,  chemical  precipitation  and 
filtration  in  all  of  its  different  modifications. 



-'6o  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

BY  MR.  GEORGE  E.  ROLLING,  CHEMIST,  BROCKTON  SEWER  DEPARTMENT. 

At  Brockton  we  conducted  a  septic-tank  experiment  during  the 
months  of  August  and  September  in  1900. 

We  calculated  that  the  lighter  portion  of  our  sewage,  which 
amounts  to  about  90  per  cent,  by  volume,  was  being  disposed  of 
quite  satisfactorily  on  the  intermittent  filtration  beds,  but  the  other 
10  per  cent,  by  volume  contains  the  settlings  from  the  bottom  of  the 
receiving  reservoir,  and  the  practice  has  been  to  discharge  this 
sludge  on  certain  beds  set  apart  for  the  purpose,  each  bed  receiving 

a  dose  every  fourth  day.  The  very  rapid  clogging  of  the  surface, 
and  the  expense  of  cleaning  these  beds,  induced  the  Commissioners 
to  construct  a  small  experimental  septic  tank,  in  order  to  obtain  more 
light  on  the  subject. 

In  August,  1900,  the  solids  of  the  sludge  in  parts  per  100,000 

were  294,  and  about  4  doses  could  be  applied  to  a  bed  before  clog- 
ging it,  and  a  dose  of  say  90,000  gallons  would  remain  upon  the  bed 

2  days  before  absorption. 
Our  experimental  tank  was  patterned  after  the  original  septic 

tank  at  Exeter,  in  having  a  submerged  inlet  and  outlet,  and  the 

sewage  passing  through  it  being  kept,  at  a  constant  level.  The  tank 
was  made  of  wood,  10  feet  long,  3  feet  wide  and  about  6  feet  deep, 
lined  with  galvanized  iron,  and  was  of  about  iioo  gallons  capacity. 
Owing  to  the  sewage  flow  at  the  beds  not  being  continuous  a  storage 
tank  was  also  provided,  from  which  a  uniform  flow  of  sludge  was 

delivered  into  the  septic  tank  by  means  of  a  movable  outlet  con- 
trolled by  a  float.  The  results  obtained  from  its  use  as  an  open 

septic  tank  for  the  period  of  2  jnonths,  the  time  of  passage  through 
the  tank  being  24  hours,  are  given  in  the  table  on  opposite  page. 
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After  2  weeks'  use  there  was  a  deposit  of  7  inches  in  the  bottom 
of  the  tank,  and  a  floating  mat  of  scum  1 1  inches  thick  at  the  inlet 

end  and  ̂ -inch  thick  at  the  further  end.  A  brace  across  the  center 
of  the  tank,  which  apparently  prevented  the  scum  forming  as  quickly 
at  the  further  end,  was  removed  at  this  time. 

At  the  end  of  4  weeks'  use  the  deposit  amounted  to  8  inches  in 
depth,  and  the  scum  was  20  inches  thick  at  the  inlet  and  6  inches 
thick  at  the  outlet  end. 

After  8  weeks'  use  the  deposit  was  still  only  8  inches  in  depth, 
while  the  scum  was  30  inches  thick  at  the  inlet  and  20  inches  thick 
at  the  outlet  end,  and  tended  to  clog  the  slotted  outlet  pipe. 

The  tank  was  then  cleaned  out  and  the  outlet  pipe  was  to  have 

been  lowered  and  the  trial  continued,  but  at  this  time  the  Commis- 
sioners figured  up  the  cost  of  cleaning  out  the  tank,  and  judged 

that  if  a  sufficiently  large  tank  was  constructed  to  treat  all  our  sludge 
by  the  septic  method,  the  cost  would  be  greater  than  the  present 

system  of  raking  the  beds,  and  decided  that  the  experiment  be  dis- 
continued. 

From  the  analyses  it  appeared  that  during  the  8  weeks'  period 
of  operation  there  entered  the  tank  1345.21  pounds  of  solids  in  sus- 

pension.    Of  this  amount : 

602.39  pounds,  or  44.78  per  cent.,  removed  on  cleaning. 

218.33      "  "   16.23         "  went  into   solution. 
83.45       ''  "     6.20        "  suspended  in  effluent. 

441.05       "  "  32.79        "  escaped   as   gas,    or   is   otherwise 
unaccounted  for. 

The  solids  removed  from  the  tank  on  cleaning  presented  the 
following  composition : 

Scum.  Deposit. 

Water     86.74  per  cent.  92.49  per  cent. 

Organic   Matter          9.38        "'  5.55        " 
Mineral         "               3.88        "  1.96 

100.00        "  100.00        " 

The  specific  gravity  of  the  scum  was  0.988,  and  of  the  deposit 

1.032.  After  the  pile  of  material  taken  from  the  tank  had  been  ex- 
posed for  a  week  an  analysis,  made  to  determine  its  value  as  a  fer- 
tilizer, figured  up  between  $3  and  $4  a  ton.  It  contained  nitrogen 

to  the  amount  of  1.96  per  cent. 
It  was  a  matter  of  regret  that  the  experiments  were  not  carried 

further,  so  as  to  watch  the  effects  of  varying  rates  of  flow  through 
the  tank  and  to  obtain  some  data  concerning  filtration  of  the  septic 
effluent.  Our  experiment  was  not  carried  into  the  winter,  but  was 
conducted  at  a  time  most  favorable  to  the  operation  of  the  septic 
tank.  The  experiment  was  short,  but  impressed  us  that  sludge  alone 
was  too  stiff  a  proposition  for  the  septic  tank  to  deal  with. 
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BY  MR.   AXDRE^^■   J.   GAVETT^  PLAINFIELD,   N.    J. 

The  city  of  Plainfield.  with  a  population  of  about  18,000,  is 

situated  24  miles  from  Xew  York  City.  A  sewerage  system  was 

constructed  by  the  city  in  1895,  separate  sewers  being  used  for  storm 

water  and  for  sewage.  The  sewage  was  originally  discharged  on 

intermittent  sand  filters;  but,  in  1901,  septic  tanks  and  contact  beds 

were  constructed,  and  since  that  time  the  sewage  has  been  treated 

by  the  new  works.  There  are  now  1775  sewer  connections,  275 

having  been  added  during  the  past  year,  and  the  flow  of  sewage  has 

nearly  doubled  since  the  new  purification  works  were  started,  being 

now  about  800,000  gallons  per  day,  which  increases  to  over  1,000,- 

000  gallons  at  times  of  high-ground  water.  It  is  proposed  to  exam- 
ine and  repair  some  of  the  sewers  in  the  wet  district  as  soon  as  the 

weather  will  permit,  and  plans  for  enlarging  the  disposal  plant  are 
also  under  consideration. 

The  disposal  plant  consists  of  2  septic  tanks,  side  by  side,  under 

one  roof,  and  a  double  set  of  bacterial  contact  beds,  8  in  all ;  the  new 

works  are  located  200  feet  from  the  nearest  streets,  and  the  sewage 

does  not  appear  on  the  surface  until  discharged  into  the  brook. 

The  septic  tanks  are  each  about  50  by  100  feet  and  7  feet  deep, 

the  water  rising  6  feet  above  the  bottom.  They  contain  about 

450.000  gallons  of  sewage,  and  with  the  average  flow  the  sewage 

is  13  hours  in  passing  through  the  tanks.  After  leaving  the  tanks 

the  effluent  passes  over  a  weir  in  a  thin  sheet  and  falls  into  a  channel, 

the  weir  and  channel  extending  the  full  length  of  each  tank,  100 
feet  in  all. 

The  contact  beds  are  in  2  sets  of  4  each,  the  first  set  being  5.42 

feet  higher  than  the  second,  each  bed  having  an  area  of  9750  square 

feet  and  a  total  depth  of  5  feet.  In  the  upper  set  of  beds  the  work- 
ing material  is  trap  rock,  3^  feet  deep,  varying  in  size  from  5  to  i^ 

inches,  and  in  the  lower  set  slag  is  used  in  some  beds  and  cinders  in 

others,  somewhat  smaller  in  size  than  the  stone  in  the  upper  beds. 

The  bottom  6  inches  and  the  top  12  inches  of  all  the  beds  are  com- 

posed of  2-|-inch  stone ;  in  the  former  are  the  horseshoe  drain  tiles 
and  in  the  top  foot  of  the  material  (into  which  the  sewage  is  not 

allowed  to  rise)  distributing  pipes  are  laid,  consisting  of  vitrified 

sewer  pipes  from  3  to  12  inches  in  diameter,  laid  with  open  joints, 

except  the  12-inch  pipes,  which  are  cemented.  The  partially  purified 
sewage  passes  continuously  from  the  septic  tank  to  a  gate  chamber 

at  the  intersection  of  the  division  walls  of  the  first  or  upper  con- 
tact beds.  Here  it  is  diverted  by  wooden  gates  to  each  of  the  4  beds 

in  succession.    After  flowing  into  one  bed  for  2  hours  the  sewage  is 
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turned  to  the  next  bed,  each  of  the  4  receiving  the  flow  in  turn.  The 

sewage  in  the  first  bed,  after  being  retained  for  2  hours,  is  drawn 

off,  and  passes  through  a  pipe  to  the  gate  chamber  of  the  second  set 

of  contact  beds,  where  the  same  process  is  repeated.  After  the 

period  of  rest  in  the  second  set  of  beds,  the  effluent  is  turned  into 

the  brook.  Each  bed  receives  a  rest  of  2  hours  before  each  fihing, 

and  2  hours  each  are  allowed  for  filling  and  for  emptying;  the 

material  in  the  beds  is  sufficiently  coarse  to  allow  the  air  to  be 

drawn  down  to  the  bottom  of  the  beds  at  each  emptying. 

The  sludge  accumulates  very  slowly  on  the  bottom  of  the  tanks, 

but  the  scum  gathers  more  rapidly,  and  is  removed,  about  three 

times  a  year,  through  the  sludge  pipes  to  a  sand  filter  bed,  after  as 

much  as  possible  of  the  clearer  middle  water  has  been  run  off  onto 

other  beds,  separate  valves  and  pipes  being  provided  for  this  pvir- 
pose.  When  the  sludge  is  running  from  the  tanks  a  deodorant  is 

added,  either  strong  limewater  or  permanganate  of  potash,  the 

latter  being  preferred. 

During  one  period  of  5  months,  including  winter  weather,  the 

scum  increased  about  1.25  feet,  making,  in  both  tanks,  463  cubic 

yards ;  after  this  was  sufficiently  dried  to  be  piled  up  it  measured 

130  cubic  yards.  In  the  following  warmer  5  months  the  scum 

amounted  to  about  i  foot  in  average  depth.  These  figures  are  only 

a  rough  approximation,  as  it  is  difficult  to  measure  the  varying 

thickness  of  scum  in  the  septic  tanks.  The  flow  of  sewage  during 

this  time  was  about  650,000  gallons  per  day,  this  quantity  being  at 

times  much  increased  by  ground  water. 

The  sludge  is  allowed  to  dry  out  on  the  sand  beds  and  is  used 

as  a  fertilizer  on  them  and  on  other  parts  of  the  property,  on  which 

good  crops  of  sweet  and  yellow  corn  are  raised. 

The  temperature  of  the  sewage  and  effluent  is  nearly  constant ; 

recently,  when  the  temperature  of  the  air  was  10°  below  zero,  that 

of  the  sewage  was  56°,  the  effluent  from  the  septic  tank  55°  and  the 

final  effluent  53°.  Since  then,  during  a  time  of  much  ground  water, 

the  temperature  of  the  final  effluent  fell  to  49°,  but  afterward  re- 
turned to  the  normal  temperature. 

The  effluent  from  the  works  has  been  satisfactory,  and  there 

have  been  no  complaints  from  the  adjoining  owners  or  residents 

since  the  present  works  were  installed.  The  New  Jersey  State 

Sewerage  Commission,  in  its  report  written  in  1902,  states  that  "87 
per  cent,  of  the  bacteria  were  removed  and  the  putrescible  matter 

completely  disappeared." 
Analyses  in  the   spring  of   1903,   by  Mr.   L.   R.   Thurlow, 

Health  Officer  of  the  Plainfield  Board  of  Health,  gave  the  bacterial 
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efficiency  of  the  septic  tanks  as  55  per  cent.,  and  of  the  whole  plant 
as  87  per  cent. ;  the  efficiency  of  the  septic  tanks,  as  shown  by  the 
removal  of  albuminoid  ammonia,  was  38  per  cent.,  and  by  oxygen 

consumed  44  per  cent.  INIr.  Thurlow  gives  the  efficiency  of  the 
whole  plant  as  90  per  cent,  by  the  removal  of  albuminoid  ammonia, 
and  86  per  cent,  by  oxygen  consumed.  He  believes  that  the  plant 

is  doing  better  work  now. 

The  works  are  operated  by  hand,  requiring  the  services  of  i 
day  man  and  i  night  man,  who  are  paid  $67.50  and  $45  per  month, 
respectively;  additional  labor  costs  about  $15  per  month. 

The  cost  of  the  plant,  exclusive  of  land  and  engineering  ser- 
vices, was  $38,750. 

BY    MR.    R.    WIXTHROP   PRATT,    ENGINEER,   OHIO   STATE   BOARD   OF 

HEALTH. 

In  most  localities  in  the  State  of  Ohio  the  geological  con- 
ditions are  such  that  no  sand  or  gravel,  suitable  for  sewage  purifi- 
cation, can  be  obtained  without  transporting  it  over  long  distances, 

making  the  cost  prohibitive. 
To  these  conditions  is  largely  due  the  fact  that,  since  about  the 

year  1897,  when  the  septic  tank  began  to  be  so  much  in  evidence, 
nearly  every  proposed  sewage  purification  scheme  has  included  a 
septic  tank  as  a  means  for  reducing  the  area  of  necessary  filtering 

material.  The  Ohio  State  Board  of  Health  has  in  some  cases  ap- 
proved these  plans  just  as  they  were  submitted,  and,  in  other  cases, 

where  a  high  degree  of  purification  was  necessary,  has  required  the 
addition  of  a  certain  amount  of  filtering  material  in  order  not  to 
place  too  much  dependence  upon  favorable  action  in  the  septic  tank. 

There  are  now  in  use  in  this  State,  by  cities,  villages  and  public 

institutions,  26  sewage  purification  works,  while  18  more  will  prob- 
ably be  in  use  in  the  near  future.  Of  the  26  plants  now  in  use  5 

cities  and  villages,  3  public  institutions  and  i  manufacturing  estab- 
lishment use  the  septic  tank ;  and  of  the  18  cities  and  villages  having 

proposed  plans  14  will  use  it. 
Nearly  all  of  the  systems  now  in  use  have  a  storage  Or  flush 

tank  of  some  kind,  in  which  more  or  less  septic  action  occurs,  but 
those  here  mentioned  are  all  designed  strictly  as  septic  tanks,  and 
their  construction  permits  of  obtaining  full  benefit,  according  to 
theory,  from  whatever  favorable  bacteriological  action  may  take 
place  in  them. 

In  no  cases  are  sufficient  chemical  and  bacteriological  data 
available  to  accurately  judge  of  the  efficiency  of  these  tanks,  but 
they  have  all  been  inspected  from  time  to  time,  and  a  few  chemical 



266  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

samples  have  been  taken.  As  far  as  can  be  learned,  the  tanks  con- 
tinue in  use  for  from  i  to  2  years  without  decreasing  more  than  25 

per  cent,  in  capacity.  The  "matte"  formed  on  the  surface  varies 
from  nothing  to  i  foot  in  thickness.  Both  surface  and  bottom 

accumulations  appear  to  remain  fairly  constant  in  volume  in  each 

case  as  long  as  the  conditions  of  operation  remain  the  same. 

The  odor  from  the  tanks  is  often  no  more  objectionable,  if  as 

much  so,  than  that  from  the  average  settling  tank ;  but  in  some  cases 

very  offensive  odors  are  created. 

We  have  then  little  uniformity  in  the  degree  of  usefulness  of 

the  septic  tank,  and  this  strongly  emphasizes  the  fact  that  not  only 

should  all  conditions  be  carefully  studied  and  made  as  favorable  as 

possible  before  designing  a  tank,  but  that  after  the  tank  is  in  use  it 

should  be  carefully  watched  and  tested,  in  order  to  determine  the 

most  efficient  mode  of  operation. 

THE   EAST    CLEVELAND   TANK. 

East  Cleveland  is  a  residential  suburb  of  the  city  of  Cleveland, 

having  a  separate  local  government.  The  population  has  increased 

from  1000  in  1895  to  6000  at  the  present  time.  In  1898  and  1899  a 

separate  system  of  sewerage  was  built  and  designed  to  drain  nearly 

the  whole  town.  The  domestic  sewers  are  provided  with  under- 
drains,  but,  nevertheless,  there  is  at  times  a  large  amount  of  leakage 

into  them  ;  this  leakage  is  probably  increased  on  account  of  the  storm 

sewers  being  laid  above  the  domestic  sewers.  There  are  now  40 

miles  of  domestic  sewers  which  receive  the  sewage  of  over  5000 

people,  but  no  manufacturing  wastes.  The  dry-weather  flow  is  from 
300,000  to  400,000  gallons  per  day,  but  increases  to  more  than 

1,000,000  gallons  in  wet  weather. 

A  system  of  sewage  purification  was  installed  in  1899  accord- 
ing to  the  plans  of  the  City  Wastes  Disposal  Company,  of  New  York, 

which  plans  provided  for  the  continuous  filtration  of  the  sewage ; 

first,  downward  through  egg-sized  slag;  second,  upward  through 

similar  material ;  and  third,  downward  through  "aerators"  or  filters 
of  small-sized  "pea"  coke.  All  filters  receive  continuous  forced 
aeration  furnished  from  a  blower  in  the  pumping  station.  The  rate 

of  application  to  the  first  filter  was  10,000,000  gallons  per  acre  per 

day,  and  the  rate  through  the  entire  area  of  filtering  material  was 

660,000  gallons  per  acre  per  day. 

This  system  was  used  for  about  2  years,  but  it  was  found  that 

the  filtering  material  needed  frequent  cleaning  at  great  expense,  due, 

it  is  said,  to  the  increase  in  the  volume  of  sewage  and  to  the  clay 

and  other  irreducible  matter  reaching-  the  works  in  wet  weather. 
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Therefore,  late  in  1901,  the  plant  was  increased  along  the  same 

lines,  and  in  addition  a  septic  tank  was  built  for  preliminary  treat- 
ment of  the  sewage.  This  tank  is  of  brick  masonry,  24  x  87  feet 

and  II  feet  deep.  It  is  covered  by  a  wooden  pitched  roof,  the  top 

of  which  is  9  feet  above  the  level  of  the  sewage.  Sewage  enters  at 

mid-depth  through  openings,  6  inches  square,  equally  spaced  across 
one  end,  and  is  drawn  off  through  horizontal  slots,  12  inches  by  2 

inches,  equally  spaced  across  the  other  end.  The  tank  holds  170,000 

gallons,  or  10  hours"  ordinary  flow.  The  horizontal  velocity  is  1.8 
inches  per  minute. 

After  one  year's  use  the  tank  was  said  to  contain  a  scum  less 
than  2  inches  thick,  while  the  solid  matter  at  the  bottom  was  2  feet 

deep.  It  has  now  been  used  about  i  year  since  cleaning,  and  con- 
tains about  the  same  amount  of  material  as  at  the  end  of  the  first 

year. 
Chemical  analyses  of  composite  samples  collected  by  the  attend- 

ant in  April,  1903,  show  no  marked  changes  in  the  composition  of 

the  sewage  during  its  passage  through  the  tank. 

However,  since  the  enlargement  of  the  works  and  the  introduc- 
tion of  this  tank,  it  has  been  necessary  to  wash  the  filtering  material 

less  frequently,  and  the  effluent  from  the  works  is  clear  and  odorless 

and  produces  no  nuisance.  A  few  chemical  analyses  have  been 

made  of  this  effluent,  which  show  it  to  be  well  purified. 

The  odor  from  the  septic  sewage,  as  it  flows  onto  the  filters, 

combined  with  the  odor  from  the  clogged  filtering  material,  is  offen- 
sive, and  causes  more  or  less  complaint  on  the  part  of  the  nearest 

residents. 

The  cost  of  the  tank  was  about  $3000,  while  that  of  the  entire 

plant  was  $66,000.     The  annual  cost  of  maintenance  is  $3000. 

THE   KEXTON   TANK. 

The  system  of  sewage  purification  at  Kenton,  also  designed  by 

the  City  Wastes  Disposal  Co.,  is  septic  treatment,  followed  by  inter- 

mittent filtration  through  "pea"  coke  covered  by  broken  stone. 
Though  Kenton  has  a  population  of  8000,  the  sewage  of  only 

400  people  is  conveyed  to  the  purification  works.  The  daily  flow 

is  about  25,000  gallons,  all  of  which  is  domestic  sewage,  except  the 

surface  water  which  is  admitted  through  2  catch  basins. 

The  septic  tank  is  28  feet  long,  16  feet  wide  and  6  feet  deep, 

holds  21,000  gallons  and  is  covered  by  a  wooden  house.  Sewage 

first  passes  through  a  small  grit  chamber  and  then  enters  the  tank 

2  feet  below  the  surface  and  is  drawn  off  through  small  openings, 

at  the  other  end,  at  the  same  depth.     It  then  enters  one  of  the  3 
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"dosing"  filters,  which  are  flush  tanks,  filled  with  broken  stone, 
and  which  discharge  intermittently  onto  the  filter  beds. 

These  beds  consist  of  3  parallel  open  tanks,  each  10  x  100  feet, 

and  filled  with  a  layer  of  "pea"  coke  18  inches  deep  at  the  upper 
end  and  4  inches  deep  at  the  lower  end.  The  coke  is  covered  with 

broken  stone.  The  beds  have  a  sharp  slope  away  from  the  septic 

tank,  so  that  each  dose  of  sewage  flows  through  them  laterally  with 

a  kind  of  wave  motion ;  the  idea  being  to  obtain  as  much  aeration 

as  possible  and  at  the  same  time  keep  the  sewage  from  appearing 
on  the  surface  of  the  filters. 

The  septic  tank  is  divided  longitudinally,  so  that  one-half  can 
be  used.  The  whole  tank,  however,  has  been  in  use  ever  since  the 

plant  was  first  operated  in  June,  1902,  thus  making  the  septic  period 

from  20  to  24  hours.  There  was,  after  15  months  of  operation, 

about  I  foot  of  sludge  in  the  bottom  of  the  tank  and  no  scum  what- 
ever on  the  surface.  However,  when  storm  water  is  brought  in  by 

the  sewers  a  scum  quickly  forms,  but  soon  disappears  Avhen  the 

flow  of  storm  water  ceases.  It  has  not  yet  been  necessary  to  clean 
the  tanks. 

Very  little  odor  can  be  noticed  around  the  plant,  and  I  found, 

upon  entering  the  house  over  the  tank,  after  it  had  been  locked  for 
several  weeks,  that  the  odor  inside  was  not  in  the  least  offensive ; 

in  fact,  it  was  much  less  than  that  arising  from  any  settling  tank 
that  I  can  recall. 

There  is  no  doubt  that  the  tank  is  successful  as  a  sludge  de- 

stroyer, but  the  subsequent  treatment  has  not  yet  been  studied  suffi- 

ciently by  the  writer  to  justify  a  definite  statement  as  to  its  effi- 
ciency. 

THE  MANSFIELD  TANK. 

The  largest  system  of  septic  tanks  and  contact  beds  in  the  State 

of  Ohio  is  located  at  Mansfield,  and  has  been  in  operation  about  2 

years. 
Mansfield  has  a  population  of  about  20,000,  but  only  about 

9000  are  connected  with  the  sewers.  A  considerable  portion  of  the 

sewers  were  built  some  years  ago  and  received  much  surface  and 

ground  water.  An  overflow,  however,  is  placed  in  the  trunk  line, 

so  that  not  more  than  i, coo ,000  gallons  per  day  can  reach  the  puri- 
fication works,  and  this  is  the  average  amount  treated.  As  would 

be  expected,  sewage  under  these  conditions  is  quite  weak.  The 

main  sewer  discharges  into  a  grit  chamber  at  the  pumping  station, 

where  the  sewage  is  screened  and  pumped  continuously  to  the  septic 
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tanks,  from  which  it  is  drawn  off  at  a  point  about  3  feet  below  the 
surface. 

There  are  4  tanks,  having  a  total  capacity  of  1,000,000  gallons, 

or  about  24  hours'  flow,  and  all  4  are  used.  By  means  of  floating 
orifices  the  discharge  from  the  tanks  is  kept  constant,  regardless  of 

the  flow  into  them.  This  may  cause  a  daily  fluctuation  in  the  sur- 
face of  the  liquid  in  the  tanks  of  about  6  inches. 

Aeration  of  the  septic  eftiuent  is  obtained :  first,  bv  its  drop  into 

a  collecting  channel :  and,  second,  by  its  passage  over  aerating 
steps. 

The  aerated  sewage  is  then  applied  through  automatic  appara- 
tus to  contact  beds.  5  in  number,  each  ̂   acre  in  area ;  and  the  effluent 

from  these  beds  is  discharged  into  a  small  stream. 

The  plant  is  well  removed  from  any  dwellings,  and  the  septic 

tank  is  ventilated  into  the  stack  at  the  pumping  station.  There  is 

no  objectionable  odor  around  the  plant.  One  of  the  tanks,  after  ]  i 

years'  use,  was  drawn  oflf  and  only  a  few  inches  of  deposit  found  in 
the  bottom.  Xo  surface  scum  has  formed  to  any  extent  in  any  of 
these  tanks. 

The  final  effluent  appears  clear  and  odorless,  and  tests  have 

shown  that  the  entire  process  removes  from  80  to  90  per  cent,  of  the 

organic  matter,  as  shown  by  the  albuminoid  ammonia  and  oxygen 

consumed,  and  from  98  to  99  per  cent,  of  the  bacteria. 

This  plant,  as  well  as  the  ones  at  Trumbull  County  Infirmary 

and  Soldiers'  Home  at  Sandusky,  was  designed  by  Snow  &  Barbour, 
of  Boston. 

THE  TANK  AT  SOLDIERS^  AND  SAILORS'   HOME,  SANDUSKY. 

The  population  of  this  institution  is  1400  to  1500,  and  the 

quantity  of  sewage  is  about  100,000  gallons  per  day.  The  sewage 

is  strong. 

There  are  2  septic  tanks,  each  26  x  40  feet  and  7  feet  deep ; 

either  one  or  both  can  be  used.  When  i  only  is  used  sewage  remains 

in  the  tank  12  hours,  and  when  2  are  used  it  remains  24  hours. 

After  passing  through  a  grit  chamber  and  screen  the  sewage 

enters  the  tank  3  feet  below  the  surface  and  leaves  at  the  same 

depth  at  the  other  end.  It  is  then  aerated  by  passing  through  about 

100  feet  of  galvanized  iron  gutter  about  2  inches  deep,  from  which 

it  overflows  in  thin  streams  or  sheets  and  is  conveyed  into  a  flush 
tank. 

The  flush  tank  discharges  automatically  upon  intermittent  sand 
filtration  beds  about  li  acres  in  extent.     The  sand  used  in  these 



2/0  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

beds  is  about  4  feet  deep  and  of  very  favorable  size  and  quality  for 

sewage  purification. 
The  tank  has  been  in  operation  some  8  or  9  months.  A  heavy 

scum  of  a  foot  or  more  has  formed  at  the  surface  and  there  is  more 

or  less  of  a  deposit  at  the  bottom.  The  tanks  have  not  been  cleaned, 

however.  At  the  beginning  both  tanks  were  used,  but  the  septic 

effluent  proved  to  be  so  offensive  that  it  was  objectionable  to  the 

occupants  of  hovises  600  to  1000  feet  distant.  One  of  the  tanks, 

therefore,  was  cut  out  of  service,  and  since  then  the  odor  of  the 

septic  sewage  has  been  less  objectionable. 

The  septic  tank  effluent  contains  much  finely  divided  matter, 

which  is  deposited  in  the  aerating  gutters,  and  has  to  be  removed 

frequently.  Originally  a  strainer  of  broken  stone  was  used  before 

the  sewage  entered  the  flush  tank,  but  this  strainer  became  so  quickly 

clogged  that  its  use  has  been  discontinued. 
The  final  effluent  from  the  sand  filters  has  been  well  nitrified 

and  of  very  satisfactory  character. 

TANK  AT  TRUMBULL  COUNTY  INFIRMARY,   NEAR  WARREN. 

This  institution  has  a  population  of  about  100.  The  sewage  is 

purified  by  septic  tank  and  intermittent  filtration  through  coke.  The 

tank  is  15  feet  long,  5  feet  wide  and  5  feet  deep,  and  holds 

3000  gallons,  or  a  little  more  than  i  day's  flow.  There  is  no 
screen  of  any  kind  at  entrance  to  the  tank.  The  sewage  enters  and 

leaves  a  short  distance  below  the  surface.  The  tank  effluent,  after 

passing  over  aerating  steps,  is  collected  in  a  reservoir  of  4000  gal- 
lons capacity,  from  which  it  is  pumped  daily  to  the  coke  beds. 

These  beds  contain  4^  feet  of  fine  coke,  and  the  average 

amount  of  sewage  treated  by  them  is  60,000  gallons  per  acre  per 

day,  applied  daily,  in  doses  of  2500  gallons,  lasting  about  i  hour. 

The  effluent  appears  in  the  underdrains  in  about  30  minutes  after  the 

sewage  is  applied.  It  is  clear  and  odorless,  and  analyses  have  shown 

it  to  be  well  purified. 

The  sewage  of  this  institution  is  unusually  dilute,  due  to  leak- 
age, which  at  times  is  so  great  as  to  necessitate  the  discharge  of  raw 

sewage  directly  into  a  small  stream. 

During  its  4-J  years  of  operation  this  septic  tank  has  been 
cleaned  but  once.  The  sludge  in  the  bottom  retains  a  constant 

depth  of  about  i  foot  and  the  scum  is  3  or  4  inches  thick.  The  long 

septic  period  and  subsequent  storage  in  the  reservoir  does  not  seem 

to  prevent  satisfactory  purification. 

The  odor  is  very  strong,  but  is  largely  confined  to  the  small 

wooden  pump  house  over  the  tanks,  which  is  ventilated  into  the 
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stack  at  the  boiler  house.  The  iron  of  the  pump  has  been  attacked 

by  gases  from  the  tank.  This  system  of  ventilation,  however,  en- 
ables the  tank  to  be  located  near  the  institution  buildings  without 

causing  a  nuisance. 

OTHER   TANKS. 

The  shops  of  the  Lake  Shore  and  Michigan  Southern  Railroad 
employ  500  hands,  and  are  located  in  the  center  of  the  village  of 
Collinwood. 

A  system  of  sewage  purification,  consisting  of  septic  tank  and 
coke  contact  beds,  was  constructed  in  1902.  Both  tank  and  contact 
beds  are  covered,  although  trapdoors  are  placed  over  the  latter  and 
are  usually  kept  open.  Xo  definite  information  is  available  any  more 
than  to  say  that  it  apparently  purifies  the  sewage  well  enough  to 

avoid  polluting  the  small  stream  into  which  the  effluent  is  dis- 
charged, and  that  no  objectionable  odors  are  complained  of  either 

by  the  employees  of  the  shops  or  by  occupants  of  houses  a  few 
hundred  feet  distant.  It  is  understood  that  no  cleaning  of  either 
tank  or  contact  beds  has  been  necessary  during  its  18  months  or 
more  of  service. 

Tanks  are  also  now  in  operation  at  Delaware  and  Westerville, 

but  at  these  places  the  works  have  been  in  but  a  short  time  and  ac- 
commodate only  a  few  hundred  people. 

It  may  be  mentioned  in  closing  that  the  city  of  Columbus  con- 
templates making  experim.ents  on  the  septic  tank  and  other  methods 

of  sewage  purification  on  a  larger  scale  than  has  ever  before  been 
done.  The  results  of  these  experiments,  if  made,  in  addition  to 

helping  solve  the  sewage  disposal  problem  at  Columbus,  will  be  of 
great  value  and  interest  to  engineers  and  sanitarians  in  general. 

BY  MR.   X.   H.   GOODXOUGH,  CHIEF  ENGIXEER,   MASSACHUSETTS  STATE 

BOARD  OF  HEALTH. 

The  septic  tank,  as  so  described,  was  first  used  at  Exeter,  Eng- 
land, and  the  results  of  its  early  operation  were  given  to  the  public 

about  7  years  ago. 

The  results  of  the  early  operation  of  this  tank  appeared  to  show 
that,  by  allowing  sewage  to  flow  slowly  through  a  closed  tank,  kept 
full  at  all  times,  for  a  period  of  from  24  to  36  hours,  the  solid 

matters  in  the  sewage  became  liquefied,  and  either  went  into  solu- 
tion or  remained  in  suspension  in  an  extremely  finely  divided  state. 

It  also  appeared  that  much  organic  matter  went  off  in  the  form  of 
gas,  and  that  very  little  solid  matter  or  sludge  accumulated  in  the 



272  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

tank.  By  the  use  of  this  tank  it  appeared  at  first  that  the  sludge 
problem  was  practically  eliminated,  and  the  sewage  remaining  was 
weaker  than  the  original  in  organic  matter,  contained  little  or  no 

coarse  matter  in  suspension,  and  could  be  purified  more  rapidly  than 
ordinary  sewage  by  subsequent  filtration. 

The  announcement  of  the  results  of  the  operation  of  this  tank 
at  Exeter  created  widespread  interest,  and  with  the  announcement 
of  the  results  of  experiments  upon  certain  forms  of  rapid  filtration 

of  sewage,  which  appeared  at  about  the  same  time,  greatly  stimu- 
lated the  investigation  of  methods  of  sewage  purification. 

The  septic  tank  was  not  claimed,  by  those  who  first  employed 

it,  to  be,  by  itself,  a  means  of  sewage  purification.  It  is  a  prelimi- 
nary process,  which  it  was  claimed  could  be  advantageously  em- 

ployed in  connection  with  sewage  purification  works.  It  is  essential 
to  keep  this  in  mind,  since,  even  at  the  present  day,  the  septic  tank 

is  sometimes  considered  to  be  by  itself  a  complete  means  of  purify- 
ing sewage. 
It  is  not  my  intention  to  refer,  except  in  a  general  way,  to  the 

experiments  made  at  Lawrence  by  the  State  Board  of  Health,  which 
have  been  carried  on  undfer  the  direction  of  Mr.  Clark,  who  will 

present  a  summary  of  these  results ;  but  attention  having  been  called 

to  the  fact  that  the  septic  tank  has  not  been  employed  to  any  con- 
siderable extent  in  connection  with  sewage  disposal  works  in  Massa- 
chusetts, some  of  the  reasons  why  its  use  has  not  become  more 

general  may  be  of  interest.  Only  i  septic  tank  has  been  used  in  con- 
nection with  the  sewage  disposal  works  of  any  city  or  town  in 

Massachusetts,  and  the  use  of  this  tank  as  a  septic  tank  has  been 
abandoned.  There  are  several  reasons  why  the  use  of  the  septic 
tank  has  not  become  more  general  here,  since  many  works  using  this 
process  have  been  constructed  in  other  States  and  in  Europe. 

When  the  results  of  the  operation  of  the  Exeter  tank  were  first 
announced  it  was  obviously  necessary,  before  using  this  device  in 
practice,  to  first  test  its  operation  under  the  conditions  existing  in 
this  country,  and  with  this  object  experiments  upon  the  operation  of 

septic  tanks  were  begun  at  Lawrence.  The  results  of  these  experi- 

ments and  of  experience  elsewhere  soon'  gave  evidence  that  there 
was  a  great  variation  in  the  results  obtained  from  this  method  of 

treating  sewage  in  dift'erent  places  and  at  different  times,  anci  that there  were  some  other  troublesome  features  connected  with  this 
form  of  treatment. 

In  some  cases  the  results  were  very  similar  to  those  first  an- 
nounced at  Exeter;  in  others,  the  results  were  unsatisfactory,  and 

the  sewage  was  brought  into  such  a  condition,  after  passing  through 
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the  tank,  that  it  was  difficult  to  purify  it  satisfactorily  by  a  subse- 
quent filtration.  ̂ Moreover,  experience  in  the  operation  of  septic 

tanks  showed  that  in  many  cases  sludge  accumulated  within  them 
more  or  less  rapidly  and  that  the  sludge  problem  was  not  eliminated. 

Sludge  from  such  tanks,  moreover,  has  been  found  far  more  offen- 
sive in  some  cases  than  that  from  ordinary  settling  tanks.  The  fact 

was  discovered  that  sewage  was  in  many  cases  rendered  extremely 

offensive  after  passing  through  a  septic  tank, — a  condition  which  it 
is  very  desirable  to  avoid  at  a  sewage  disposal  works. 

There  is  no  sure  way  of  determining  beforehand  what  results 
can  be  obtained  in  the  treatment  of  the  sewage  of  a  give.n  town  by 

m.eans  of  the  septic  tank — showing  the  great  importance,  before 
using  this  method  of  treating  sewage,  of  making  adequate  investiga- 

tion by  means  of  experiments  to  determine  the  results  that  are 
likely  to  follow  its  use. 

There  are  other  important  reasons  also  why  the  septic  tank  has 
not  come  into  general  use  in  this  State. 

The  early  investigations  upon  the  purification  of  sewage  by 

intermittent  filtration  showed  that  a  well-purified  effluent  could  be 
obtained  by  filtering  sewage  through  sand  at  rates  ranging  in  some 
cases  as  high  as  ioo,ocx)  gallons  per  acre  per  day  and  an  excellent 
effluent  produced,  and  the  results  of  experience  in  the  operation  of 
numerous  sewage  purification  works  built  on  the  lines  indicated  by 
these  investigations  have  shown  at  many  places  during  a  period  of 

many  years  that  well-purified  effluents  can  be  obtained  with  sewage 
from  any  of  our  cities  and  towns  by  following  the  experience  fur- 

nished by  the  early  experiments  at  Lawrence  and  the  actual  opera- 
tion of  these  works. 

The  experiments  upon  the  purification  of  septic  tank  effluents 

have  not  given  such  favorable  results  as  are  obtained  in  actual  prac- 
tice by  intermittent  filtration.  Areas  of  sand  and  gravel  well 

adapted  for  the  purification  of  sewage  by  intermittent  filtration  are 

generally  easily  available  in  this  State,  and  the  cost  of  the  prepara- 
tion of  sufficient  areas  for  the  purification  of  sewage  by  intermittent 

filtration  is  not  generally  so  large  as  to  make  it  important  to  attempt 
to  reduce  the  cost  of  the  works  by  the  employment  of  the  septic  tank. 
In  nearly  all,  if  not  all,  the  cases  in  which  sewage  purification  works 
have  been  constructed  in  this  State,  the  cost  of  installation  and 

operation  has  probably  been  less  than  it  would  have  been  had  a 

preliminary  treatment  by  the  septic  tank  been  employed,  while  the 
resulting  effluent  is  probably  of  better  quality  than  would  have  been 
obtained  by  the  use  of  the  septic  tank. 

Under  these  circumstances  the  use  of  the  septic  tank  has  not 
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become  extensive.  It  may  be  added  that  in  the  only  case  in  which 
the  septic  tank  has  been  employed  on  a  comparatively  large  scale  in 
connection  with  the  works  for  purifying  the  sewage  of  a  city  or 
town,  sludge  accumulated  rapidly  in  the  tank.  During  much  of 
the  time  when  this  tank  was  operated  as  a  septic  tank  the  sewage 

was  diverted  into  the  river  and  the  operation  of  this  septic  tank  was 

a  failure.  The  tank  is,  however,  a  useful  adjunct  to  the  works  as  a 
storage  reservoir  for  the  night  flow  of  sewage. 

The  principal  experiment  by  the  State  Board  of  Health  upon 

the  use  of  the  septic  tank — that  at  Andover- — has  also  given  unsatis- 
factory results  in  several  important  respects,  chief  of  which  is  the 

fact  that  the  effluent  from  this  tank  has  not  been  purified  efficiently 
by  subsequent  filtration. 

So  far  as  the  experience  in  this  State  goes,  then  the  principal 

experiment  upon  the  use  of  a  septic  tank  at  Andover  has  given  un- 
satisfactory results,  and  as  the  only  case  in  which  the  septic  tank  has 

been  actually  employed  for  the  disposal  of  sewage  it  was  a  distinct 
failure. 

While  the  septic  tank  has  not  been  a  success,  as  operated  in 

this  State,  its  possibilities  do  not  as  yet  appear  to  have  been  ex- 

hausted, and  it  may  be  that,  in  connection  with  some  kinds  of  sew- 
age, especially  those  greatly  affected  by  manufacturing  waste,  its 

use  may  be  found  of  advantage. 

The  septic  tank  was  patented  by  those  who  first  employed  it  at 
Exeter,  and  other  patents  upon  sewage  disposal  claim  to  cover  it 
in  this  country.  Much  misunderstanding  exists  as  to  the  nature  of 
the  process  and  the  methods  of  producing  septic  action,  and  it  would 
probably  be  difficult  to  determine  in  some  cases  whether  a  given 
tank  is  a  septic  tank  or  not.  In  some  cases  towns  and  corporations 

have  already  paid  small  royalties  to  persons  claiming  patents  cover- 
ing tanks  of  various  kinds  employed  at  sewage  disposal  works,  and 

claims  have  been  entered  in  cases  of  other  works  where  it  would 

seem  that  by  no  stretch  of  its  present  definition  could  the  tank  used 
be  called  a  septic  tank.  In  some  cases  these  settlements  have  been 
deemed  good  business,  since  the  amount  asked  for  has  been  much 
less  than  would  be  necessary  to  contest  the  case  in  court;  but  in  at 

least  one  case,  I  am  informed,  a  local  authority  which  had  settled 
with  one  such  claimant  for  a  small  sum  has  already  been  confronted 
with  the  claim  of  another.  Some  of  these  cases  are  actually  already 

on  trial,  so  that  it  is  likely  that  before  very  long  something  more 

definite  may  be  known  as  to  the  court's  opinion  of  these  claims.  The 
claimants  of  septic  tank  patents  have  even  entered  claims  for  royal- 
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ties  from  places  having  sewage  reservoirs  used  for  the  storage  of 

the  night  flow  of  sewage  in  order  to  avoid  pumping  at  night;  but 
these  claims  have  not  thus  far  been  pressed  in  the  courts. 

BY   DR.    DOUGLAS    C.    MORIARTA,    SARATOGA   SPRINGS,    N.    Y. 

I  came  here  to-night,  !Mr.  Chairman,  to  listen  and  learn  all 

about  septic  tanks,  and  not  to  discuss  them.  My  practical  experi- 
ence with  them  is  nil.  I  can,  however,  with  your  indulgence,  give 

you  my  experience  with  a  sewage  disposal  system  which  involves 

a  retention  tank ;  though  if  I  were  to  confine  my  remarks  to  dis- 

cussing the  septic  tank  per  sc  I  would  be  able  to  say  but  little. 

Our  proposition  at  Saratoga  was  a  peculiar  one,  in  that  the 

sewers  received  storm  water  and  surface  water,  which  of  necessity 

had  to  be  separated  from  the  sewage.  This  has  been  accomplished, 

and  the  sewage  now  runs  by  gravity  to  a  pumping  station,  and  is 

there  raised  into  several  retention  tanks.  Here  the  sewage  remains 

for  several  hours,  when  it  passes  into  an  aerator,  then  into  the 

dosing  tanks  and  onto  the  filter  beds. 

The  results  of  this  treatment,  from  our  standpoint,  have  been 

very  satisfactory;  that  is,  we  have  no  objectionable  odor,  and  the 

effluent  after  leaving  the  contact  beds  is  satisfactory  to  the  State 

Board  of  Health.  The  quantity  of  sewage  that  we  care  for  daily 

is  approximately  2,000,000  gallons.  As  I  have  said,  the  sewage 

runs  into  the  large  tank  and  from  there  into  the  aerator.  In  this 

apparatus  it  comes  up  from  the  center  like  a  fountain,  and  is  spread 

out  into  a  thin  sheet  on  a  disk  of  iron,  having  a  conformation  not 

unlike  an  umbrella  opened.  After  being  aerated,  it  goes  to  the  dos- 

ing tank,  which  has  a  capacity  of  50,000  gallons.  This  tank  is  pro- 
vided with  an  automatic  apparatus,  which  can  be  so  adjusted  as  to 

discharge  its  contents  on  four  different  beds  consecutively. 

Concerning  the  value  of  the  sedimentation  or  retention  in  the 

tanks,  I  hardly  know  what  to  say  after  listening  to  the  remarks  of 

your  experts  on  this  subject;  because  our  plant  has  only  been  in 

operation  since  July,  and  thus  far  we  have  had  no  occasion  to  empty 

it,  nor  are  we  annoyed  in  any  way  from  it,  and  our  chemist  informs 

us  that  we  are  having  a  marked  liquefaction  of  the  sludge.  At  the 

aerator  there  is  a  slight  odor,  but  not  at  all  marked,  and  when  the 

sewage  is  on  the  beds  it  is  even  less.  In  the  immediate  neighbor- 
hood are  two  residences ;  thus  far  we  have  had  no  complaints.  If 

we  ever  have  to  empty  our  retention  tanks  and  it  acts  as  those 

described  by  the  authors  of  your  interesting  papers,  we  will  prob- 
ably have  something  to  say  on  this  subject  when  we  meet  again. 
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A  feature  which  may  be  of  interest  is  the  operation  of  our  filter 

beds  during  the  present  cold  winter.  We  have  never  experienced 
a  winter  in  our  locaHty  that  has  been  as  cold  as  this  within  ten  or 
twelve  degrees.  The  beds  were  nicely  iced  over  and  have  worked 
finely.  For  a  time  the  size  of  the  doses  on  the  beds  was  increased 

to  100,000  gallons ;  the  additional  heat  in  this  quantity  of  sewage 
was  sufficient  to  operate  the  beds  without  difficulty. 

As  I  have  said,  the  effluent  is  satisfactory  to  the  State  Board  of 
Health,  so  we  have  had  no  trouble  in  that  particular  way. 

Another  feature  in  the  minds  of  the  Commission  is  the  attrac- 
tiveness of  our  plant ;  this  is  in  a  measure  due  to  the  arrangement  of 

the  beds,  their  location  and  their  grading  and  care.  Our  disposal 
plant  is  really  quite  a  point  of  interest  in  our  village. 

We  have  twenty-one  beds,  and  of  these  two  are  prepared  for 
sludge.  So  far  it  has  only  required  two  or  three  men  and  one  horse 
to  care  for  them,  which  is  much  less  than  we  anticipated. 

BY  MR.  HARRY  W.  CLARK,  CHEMIST,  MASSACHUSETTS  STATE  BOARD  OF 

HEALTH. 

I  can  add  very  little  to  this  septic  tank  discussion  other  than, 
a  recapitulation  of  the  Lawrence  Experimental  Station  work. 

The  problem  is  one  that  many  of  us  have  been  trying  to  solve 
during  the  past  6  or  7  years,  and  a  great  variety  of  opinion  in  regard 
to  the  value  or  the  utility  of  septic  tanks  is  expressed  by  different 
investigatDrs  along  this  line,  and  widely  different  results  appear  to 
have  been  given  by  septic  tanks  at  different  places.  I  suppose  there 

is  no  doubt,  if  we  read  correctly  the  current  English  sanitary  jour- 
nals, that,  while  all  that  was  claimed  for  the  septic  tank  at  first  is 

not  now  believed  in,  yet  the  majority  of  English  sewage  experts 
still  believe  that  a  septic  tank  is  a  valuable  adjunct  to  most  filtration 
plants.  Anything  that  will  aid  in  decreasing  the  area  necessary  for 
filtration  appeals  to  them  strongly,  this  being  so,  I  presume,  on 
account  of  the  scarcity  of  cheap  sandy  land,  the  cost  of  construction 
of  artificial  filters  and  the  cost  of  operation  of  sewage  farms.  I 
do  not  think,  however,  that  Mr.  Cameron,  who  installed  the  septic 
tank  at  Exeter  and  started  us  all  on  these  tank  investigations,  has 
ever  claimed  that  the  tank  would  destroy  sludge  to  such  an  extent 
as  some  of  the  latter  advocates  of  the  system  claim.  If  you  read 
his  testimony  before  the  Royal  Commission  on  Sewage  Disposal 

you  will  find  him  frankly  acknowledging  that  the  tank  accumu- 

lates sludge.  In  fact,  after  2  years'  use,  40  per  cent,  of  the  tank's 
capacity  was  so  filled.  Mr.  Cameron  stated,  however,  that  this  was 
onlv  about  one-ninth  as  much  as  would  have  accumulated  if  the 
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sludge  from  chemically  precipitating  a  like  volume  of  sewage 
had  been  allowed  to  accumulate.  This  seems  a  pretty  strong 
statement  in  regard  to  sludge  destruction,  but  he  modifies  it, 

apparently  unwittingly,  by  the  further  statement  that  much  of  the 
fine  matter  in  suspension  in  the  sewage  passes  away  in  the  tank 
effluent.  As  a  guess  I  should  say  that  if  the  fine  sediment  had  been 

measured  it  would  account  for  a  considerable  portion  of  the  non- 
accumulating  sludge.  It  does  not  follow,  however,  that  because  the 
septic  tank  appeals  to  them,  or  is  of  value  to  them,  that  it  would 

necessarily  be  of  great  value  generally  to  us  in  New  England  even 
if  as  successful  in  destroying  sludge  as  its  most  ardent  advocates 
have  claimed,  although,  of  course,  there  are  many  sections  of  the 

country  where  it  would  be,  the  difference  being  the  different  condi- 
tions  in  regard  to  available  sand  areas,  etc.,  prevailing  here.  It 
would  certainly  be  of  great  advantage  in  some  places,  such  as 
Worcester,  for  instance,  if  it  could  or  would  destroy  such  a  large 
percentage  of  suspended  organic  matter  as  some  experiments  and 
installations  upon  a  fairly  large  scale  have  seemed  to  show  judging 
from  the  published  results. 

During  the  past  6  years  we  have  operated,  in  pursuit  of  differ- 

ent investigations,  5  or  6  dift'erent  septic  tanks  at  the  Lawrence 
Experiment  Station.  The  oldest  one,  known  as  Septic  Tank  A,  has 
received  regular  station  sewage  for  something  more  than  6  years. 
This  is  a  small  wooden  tank,  with  a  capacity  of  only  about  250 

gallons.  I  do  not  think,  however,  that  the  value  of  the  results  ob- 
tained from  it,  or  by  its  use,  is  any  way  affected  by  the  fact  that 

it  is  of  small  instead  of  great  capacity.  I  see  no  reason  why  the 
relation  of  sludge  destroyed  to  that  entering  should  irot  be  the  same 
as  with  a  larger  tank  if  the  sewage  is  of  the  same  quality.  Looking 
over  the  results  obtained  from  the  use  of  this  tank  during  its  period 
of  operation,  I  find  that  the  average  sewage  entering  has  4.49  parts 
of  free  ammonia  and  0.80  of  a  part  of  albuminoid  ammonia.  That  is, 

it  has  been  a  sewage  considerably  stronger  than  the  average  sewage 
reaching  filtration  areas  in  Massachusetts.  The  effluent  of  the  tank 
has  had  on  an  average  of  4.45  parts  free  ammonia  and  0.39  of  a  part 
of  albuminoid  ammonia ;  that  is,  during  the  6  years  of  operation 

slightly  more  than  50  per  cent,  of  the  albuminoid  ammonia  of  the 
sewage  entering  the  tank  has  not  appeared  in  its  effluent.  It  is  a 
fact,  however,  that  the  work  of  the  tank  has  been  deteriorating 

year  by  year  during  the  past  5,  years,  although  its  second  year  of 
operation  gave  better  results  than  the  first  year.  In  1899,  62  per 
cent,  of  the  albuminoid  ammonia  of  the  entering  sewage  did  not 
appear  in  the  effluent;  in  1900,  60  per  cent.;  in  1901,  51  per  cent.; 

30 
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in  1902,  39  per  cent.,  and  in  1903,  35  per  cent.  One  reason  for  this 

deterioration  is  undoubtedly  due  to  the  fact  that  the  capacity  of  the 

tank  has  decreased  owing  to  the  increase  of  the  shidge  within  it.  and, 

therefore,  the  vohune  of  sewage  applied  has  passed  through  the 

tank  in  a  shorter  number  of  hours,  daily  giving  less  chance  for 

sedimentation  to  occur.  The  percentage  removal  of  nitrogenous 

organic  matter  in  suspension  in  the  sewage  entering  this  tank, 

as  showai  by  albuminoid  determination,  has  decreased  steadily  from 

85  per  cent,  to  about  50  per  cent,  in  the  past  6  years.  No  sludge 

has  ever  been  removed  from  the  tank,  and  at  the  end  of  1903 

about  40  per  cent,  of  its  capacity  is  filled  with  it.  The  actual 

solid  matter  removed  from  the  sewage  by  the  tank,  as  shown  by 

determination  of  the  solids  of  the  applied  sewage  and  effluent, 

amounted  to  22  per  cent,  in  1902,  and  29  per  cent,  in  1903.  The 

combustible  organic  matters  removed  in  1902  amounted  to  35  per 

cent.,  and  in  1903  to  45  per  cent.,  and  there  were  only  about  7  parts 

of  solids  in  suspension  in  the  effluent  of  the  tank  in  1903  compared 

with  over  20  parts  in  the  sewage  entering. 

The  Kjeldahl  determinations  made  upon  the  sewage  entering 

and  in  the  effluent  from  Septic  Tank  A  during  the  year  1903  show 

a  removal  of  approximately  50  per  cent,  of  organic  matter  against 

34  per  cent,  as  shown,  as  I  have  stated,  by  the  albuminoid  ammonia 
determinations. 

A  much  larger  tank  w'as  operated  by  the  Board  at  Andover  for 
a  period  of  rather  more  than  4  years,  this  being  a  wooden  tank,  with 

a  capacity  of  9000  gallons,  the  sewage  being  approximately  15  to  18 

hours  in  passing  through  this  tank.  The  results  in  regard  to  the 

removal  of  organic  matter  for  the  entire  period  were  about  the  same 

as  with  the  smaller  tank,  namely,  an  average  of  about  47  per  cent., 

as  shown  by  the  determinations  of  albuminoid  ammonia,  in  the 

sewage  entering  and  the  effluent  from  the  tank.  This  tank  was 

operated  without  the  removal  of  sludge,  and  at  the  end  of  the  period 

of  operation  about  20  per  cent,  of  the  capacity  of  the  tank  was  filled 

with  the  accumulated  matters.  The  sewage  entering  this  tank  was 

very  strong,  averaging  7.5  parts  free  ammonia  and  1.3  albuminoid 

ammonia,  and  the  effluent  from  the  tank  averaged  7.1  parts  free 

ammonia  and  0.69  of  a  part  albuminoid  ammonia.  The  albuminoid 

ammonia  in  suspension  of  the  sewage  entering  the  tank  averaged 

about  0.55  of  a  part,  while  that  of  the  effluent  was  only  0.19  of  a  part, 

a  removal  of  about  65  per  cent.  .  This  tank  was  doing  as  good  work 

at  the  end  of  its  period  of  operation  as  at  the  beginning  as  far  as 

removal  of  sludge  was  concerned. 

During  the  past  year  a  septic  tank,  known  as  Septic  Tank  E, 
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has  been  in  operation  at  Lawrence,  it  seemed  to  us,  owing  to 

many  published  reports  in  regard  to  the  large  amount  of  organic 
matter  removed  by  the  operation  of  some  septic  tanks,  that  the 
character  of  the  water  supply  in  these  different  localities,  or  the 
ground  water  entering  the  sewers,  might  have  some  effect  upon  this 
removal.  That  is,  it  was  thought  that  where  a  particularly  hard 
water  was  in  use,  or  hard  water  entered  the  sewers,  a  species  of 

chemical  precipitation  might  occur  in  the  tank  owing  10  the  passing, 
out  of  solution  of  some  of  the  mineral  salts,  causing  the  hardness, 

while  the  sewage  was  undergoing  tank  action.  Therefore,  the  sew- 
age entering  this  septic  tank  was  made  very  hard  by  the  addition 

of  such  mineral  salts  as  we  find  in  hard  waters — lime,  magnesia, 
chlorides,  etc.  While  some  such  action  as  we  expected  occurred, 
the  principal  result  from  this  tank  was  to  explain  in  a  way  the 
difference  in  the  character  or  strength  of  the  odor  of  septic  tank 
effluents.  For  instance,  the  effluent  from  our  Septic  Tank  A,  at 

Lawrence,  while  always  having  a  considerable  odor,  is  not  particu- 
larly offensive.  The  effluent  of  this  tank,  however,  was  exceedingly 

offensive,  and  was  caused  by  the  generation  or  liberation  of  sul- 

phureted  hydrogen  from  the  sewage,  this  being  due  to  the  decom- 
position of  the  sulphates  added  to  make  the  sewage  hard.  The 

gases  set  free  from  Septic  Tank  A  upon  analyses  have  never  shown 
any  sulphureted  hydrogen,  but  there  was  a  large  amount  in  the 
effluent  of  this  tank.  You  have  all  read,  of  course,  of  the  disputes 

as  to  whether  septic  sewage  is  ill-smelling  or  not,  and  naturally, 
no  doubt,  it  varies  very  much  at  different  places,  due  to  some  such 
local  reason  as  this  experiment  might  indicate.  Mr.  Cameron,  in 
the  testimony  already  referred  to,  stated  that  in  his  opinion  the 
difference  was  due  to  time  of  passage,  but  this  cannot,  I  believe, 
account  for  all  discrepancies  on  the  odor  discussion. 

Another  experiment  was  made  upon  the  treatment  of  sludge 

liquor  in  a  septic  tank.  It  seemed  probable,  from  long-continued 
observations  and  experiments,  that  while  the  passage  of  sewage 
through  a  septic  tank  may  in  some  instances  make  the  .sewage  more 

easily  purified  upon  filters  after  tank  action,  still  this  is  not  a  valua- 
ble function  of  the  tank.  It  is  really  the  destruction  of  the  sludge. 

Therefore,  this  experiment,  as  I  have  stated,  was  made.  An  ex- 
ceedingly strong  sludge  liquor  from  settling  sewage  was  passed 

into  this  tank,  the  solid  matters  in  the  sewage,  as  it  entered,  having 
an  average  loss  upon  ignition  of  261  parts,  while  the  effluent  had 
only  45  parts  loss  on  ignition,  that  is,  78  per  cent.  less.  This  sewage 
entering  had  4.5  parts  free  ammonia,  while  the  effluent  had  8.7  parts 
free  ammonia.     The  albuminoid  ammonia  of  this  sewage  was  3.38 
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parts  and  that  of  the  effluent  0.85  of  a  part ;  that  is  to  say,  the  free 
ammonia  nearly  doubled  while  the  sewage  was  passing  through  the 

tank,  and  the  effluent  contained  only  25  per  cent,  as  much  albumi- 
noid ammonia  as  the  entering  sewage.  At  the  end  of  i  year  of  the 

operation  of  this  tank  the  sludge  within  it  amounted  to  50  per  cent, 
of  its  capacit}^  filled  i  compartment  and  practically  prevented  the 
operation  of  the  tank.  At  this  time  the  tank  contained  about  20 

per  cent,  of  the  organic  matter  of  the  entering  sewage,  and  this 
compared  with  the  organic  matter  in  the  effluent  showed  that  58 

per  cent,  of  this  matter  had  been  liquefied,  given  off  as  gas  or  other- 
wise changed  by  tank  action. 
The  effluent  of  this  tank  was  very  hard  to  purify  upon  either 

intermittent  or  contact  filters  without  good  preliminary  aeration. 
This  was  due  not  only  to  the  strength  of  the  effluent,  but  also  to  the 
toxins  in  the  sewage  and  to  the  quick  exhaustion  of  oxygen  within 
the  filters ;  that  is,  an  oxidation  of  organic  matter  occurred  without 

the  formation  of  nitrates.  A  septic  tank  operated  during  the  past 
year,  which  is  divided  into  5  compartments  and  in  which  practically 
all  the  sludge  is  retained  in  the  first  2,  has  not  affected  the  sewage  in 

this  way — that  is,  it  is  easily  purified ;  but  when  the  sewage  remained 
a  number  of  days  mixed  with,  or  above,  the  putrefying  sludge  in 
Septic  Tank  B  previously  described,  it  became  of  such  a  quality  that 
it  could  not  be  easily  purified.  The  sewage  used  at  Lawrence  in 
these  experiments  is  different  from  that  reaching  some  areas  in  the 

State — although  similar  to  that  reaching  others — and  probably  more 
easily  acted  upon  by  the  bacteria.  When  one  sees  the  nature  of  the 
sludge  retained  in  some  of  the  larger  settling  tanks,  or  upon  the 
surface  of  some  areas,  it  looks  as  if  it  would  be  a  more  difficult 

proposition  for  the  bacteria  to  work  upon  than  the  Lawrence  sludge. 

BY  PROF.  LEONARD  P.  KINNICUTT,  WORCESTER  POLYTECHNIC 

INSTITUTE. 

I  thank  you,  Mr.  Chairman,  for  calling  attention  to  the  work 

done  by  the  Worcester  Polytechnic  Institute  in  attempting  to  solve 

some  of  the  problems  connected  with  the  so-called  septic  tank  treat- 
ment of  sewage.  This  work,  however,  has  been  fully  reported  in 

print,  and  I  think  is  known  to  most  of  the  gentlemen  present,  and 

I  will  only  say  that  the  results  of  the  experiments,  which  were  car- 

ried on  for  over  2  years  by  Mr.  Eddy,  Superintendent  of  the  Wor- 
cester Sewer  Department,  and  myself,  with  Worcester  sewage,  and 

in  a  closed  septic  tank  holding  1500  gallons,  showed  that,  with  an 

acid  iron  sewage  containing  about  74  parts  of  total  solids,  of  which 
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15  parts  were  ferrous  sulphate — an  amount  of  organic  matter  repre- 
sented by  about  0.6  parts  albuminoid  ammonia,  and  an  acidity  equal 

to  10  parts  of  sulphuric  acid  in  100,000  parts — about  ̂   of  the  total 

solids.  26  per  cent,  of  the  organic  matter  as  shown  by  the  albumi- 
noid ammonia,  were  removed  from  the  sewage,  and  that  the  amount 

of  sludge,  changed  into  soluble  or  gaseous  substances,  in  other 

words  liquefied,  was  about  25  per  cent,  of  the  total  solid  matter 

taken  from  the  sewage  by  the  action  of  the  tank. 

As  to  the  action  of  the  septic  tank  on  sewage  it  is  what  is 

chemically  known  as  hydrolysis,  /'.  e.,  the  breaking  down  of  com- 
plex organic  compounds  by  the  absorption  or  addition  of  water, 

which,  in  the  case  of  the  septic  tank,  is  brought  about  by  the  action 

of  bacteria  or  their  products  the  enzymes.  The  organic  sub- 
stances contained  in  domestic  sewage  can  roughly  be  divided  into 

3  classes — the  albuminoids,  the  fats  and  the  carbohydrates.  The 
albuminoids  are  organic  nitrogen  compounds  containing  a  small 

amount  of  sulphur,  of  very  complex  composition,  which  can  possibly 

be  expressed  by  the  chemical  formula  C-oH^^gS-NigOoa-  These 

compounds  by  hydrolysis  are  resolved  first  into  peptones,  which  are 

soluble  in  water,  and  then  further  broken  down,  giving  organic 

acids  containing  nitrogen  and  organic  compounds  free  from  nitro- 
gen. In  this  process  of  breaking  down  of  the  albuminoids,  gaseous 

products,  carbon  dioxide,  marsh  gas,  hydrogen,  ammonia,  nitrogen 

and  probably  more  or  less  sulphide  of  hydrogen  are  evolved.  The 

fats  by  the  same  process  of  hydrolysis  are  resolved  into  organic 

acids  and  glycerine,  while  the  carbohydrates  yield  fermentable  sugar, 

which  breaks  up  into  alcohol  and  carbon  dioxide.  By  this  process  of 

hydrolysis,  then,  the  complex  organic  compounds  are  broken  down 

into  simpler  compounds,  with  the  results  that  a  certain  amount  of 

the  insoluble  organic  matter  in  the  sewage  is  rendered  soluble,  a 

certain  amount  of  organic  matter  is  removed  from  the  sewage,  and 

the  organic  matter  which  remains  is  more  easily  acted  upon  by  what 

are  called  the  nitrifying  bacteria.  This  process  of  hydrolysis  is,  as 

we  all  believe,  brought  about  by  a-  certain  class  of  bacteria,  and  the 
primary  object  of  the  septic  tank  is  to  cultivate  the  bacteria  capable 

of  producing  hydrolysis  of  these  organic  substances. 

Bacteria,  which  are  believed  to  be  essential  for  this  decomposi- 
tion of  organic  matter,  or  at  least  are  capable  of  doing  this  work,  are 

intestinal  bacteria.  Trade  waste  does  not  contain  these  organisms, 

indeed  it  very  often  contains  elements  that  militate  against  the  life 

of  all  bacteria ;  thus  Professor  Houston  estimates  that  the  sewage  of 

London  contains  6,000,000  bacteria  to  the  cubic  centimeter,  while, 

according  to  Dr.  Leith,  the  sewage  of  the  large  manufacturing  city 
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of  Birmingham  contains  only  400,000  to  the  cubic  centimeter.  Is 

it  not  very  possible  that  the  reported  failure  of  the  septic  tank  pro- 
cess in  certain  cases  may  be  due  to  deficiency  in  bacterial  life^  and 

especially  to  the  class  of  bacteria  especially  essential  to  bring  about 

these  first  putrefactive  changes  ?  It  seems  to  me  greater  attention 

should  be  paid,  than  is  often  the  case,  to  the  bacterial  content  of 

the  sewage  that  enters  the  septic  tank,  and  further  study  should  be 

made  as  to  the  best  method  of  inoculating  a  sewage  and  of  culti- 
vating the  growth  of  special  forms  of  bacteria. 

I  do  not  for  a  moment  wish  it  to  be  thought  that  the  reactions 

1  have  outlined  give,  by  any  means,  a  complete  explanation  of  what 

takes  place  in  a  septic  tank.  Our  knowledge  is  far  too  limited  at 

the  present  time  to  give  a  complete  or  even  clear  explanation  of 

what  goes  on  in  the  septic  tank.  It  is  merely  an  outline  from  a 

chemical  point  of  view  how  a  mixture  of  complex  compounds  are 

transformed  into  a  mixture  of  much  simpler  substances.  In  the 

process  of  transformation  that  takes  place  in  the  tank,  two  things  are 

especially  noticeable  to  the  eye — the  evolution  of  gas  and  the  forma- 
tion of  scum  over  the  surface  of  the  liquid.  The  gas  is  chiefly  a 

mixture  of  carbon  dioxide  and  marsh  gas,  containing  at  times  more 

or  less  hydrogen,  and  the  amount,  when  a  tank  is  in  best  working 

condition,  will  average  about  i  cubic  foot  per  100  gallons  of  sew- 
age. I  also  believe,  though  I  am  not  at  the  present  moment  wilHng 

to  state  it  as  a  fact,  that  much  can  be  told  as  to  whether  or  not  the 

best  results  are  being  obtained  in  the  septic  tank  process  by  deter- 
mining the  amount  of  marsh  gas  contained  in  the  mixture  of  gases 

evolved  from  the  tank,  and  that  failure  to  obtain  about  i  cubic  foot 

of  gas  for  every  100  gallons  of  sewage,  or  of  a  gas  containing  less 

than  70  per  cent,  of  marsh  gas,  is  a  sign  that  the  best  results  are  not 

being  obtained. 

The  formation  of  scum  has  caused  possibly  as  much  discussion 

as  any  other  factor  in  connection  with  the  septic  tank.  As  the 

gases  rise  to  the  surface  of  the  liquid  they  bring  with  them  matters 

in  suspension  which  tend  to  form  a  tough  gelatinous  scum  over  the 

surface  of  the  tank.  The  scum  seems  to  be  more  readily  formed  in 

a  covered  tank,  where  the  temperature  is  more  equal  and  invariably 

higher  than  in  an  open  tank.  In  a  tank  where  sedimentation  is 

fairly  complete  the  scum  is  often  very  thin.  If  a  sewage  contains 

very  little  heavy  material  and  a  large  amount  of  light  material, 

especially  paper,  fibrous  and  woolly  matter,  the  scum  may  become 

so  thick  that  it  is  very  difficult  to  remove.  The  formation  of  the 

scum  depends  a  great  deal  on  the  character  of  the  sewage.  There 

will,  as  a  rule,  be  less  formed  with  a  sewage  containing  street  wash- 
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ings  than  in  the  sewage  from  the  separate  system ;  less  from  a  sewage 
containing  mineral  organic  waste,  as  iron  salts,  cement  trade  waste, 
etc.,  than  from  one  containing  the  refuse  from  cotton  and  woolen 

mills.  This  question  of  the  formation  of  scum  has  not  been  as  care- 
fully studied  as  it  deserves,  though  even  at  the  present  time  we  can, 

knowing  the  character  of  the  sewage,  predict  to  a  certain  extent 

the  character  of  the  scum  that  w^ill  be  formed,  and  prevent  by  a 
suitable  subdivision  .of  the  tank  the  formation  of  a  too  troublesome 

sludge  over  at  least  a  portion  of  the  tank. 

That  the  septic  tank  or,  as  I  prefer  to  call  it,  the  hydrolytic 
tank  has  its  place  in  the  treatment  of  sewage,  I  think  few  outside 
of  ̂ lassachusetts  will  question.  I  believe  it  is  not  only  an  essential 
feature  in  contact  bed  and  percolating  filter  systems,  but  also  has  its 
place  where  irrigation  and  intermittent  sand  filtration  methods  are 

employ-ed.  In  this  connection  I  should  like  to  refer  to  some  state- 
ments made  by  Dr.  John  Duncan  Watson,  engineer  in  charge  of 

the  Birmingham  Sewage  Disposal  Works,  in  a  recent  lecture  on 

"Purification  of  Sewage,  with  Special  Refeience  to  Sewage  Disposal 

at  Birmingham,"  which  lecture,  I  would  say  in  passing,  is  one  of 
the  best  expositions  on  the  subject  I  have  ever  read.  At  Birming- 

ham, as  you  all  know,  the  method  of  final  purification  is  irrigation. 
Formerly  the  suspended  matter  was  removed  by  the  addition  of 

lime,  the  sew'age  containing  a  large  amount  of  iron  salts.  Now  the 
suspended  matter  is  removed  by  sedimentation  and  septic  tanks. 

As  regards  septic  tanks.  Dr.  Watson  says :  "Difference  of  opin- 
ion has  arisen  as  to  the  relative  merits  of  anaerobic  and  aerobic 

organisms  in  promoting  liquefaction,  but  it  is  now  almost  univer- 
sally admitted  that  the  cultivation  of  the  anaerobe  is  an  object  of  the 

first  importance  in  the  first  stage  of  sewage  purification.  It  stands 

to  reason  that  to  attempt  to  w^ork  organisms  so  evidently  dis- 
similar simultaneously  in  the  same  tank  will  lead  to  unsatisfactory 

results.  An  additional  reason  for  the  cultivation  of  the  anaerobe  at 

this  stage  of  the  purification  process  is  that  the  breaking  down  of 
fatty  matter  and  cellulose,  which  embraces  substances  like  paper, 
straw,  fiber,  etc.,  is  entirely  due  to  the  action  of  the  liquefying 
anaerobes. 

'"The  Manchester  experiments  demonstrated  that  an  open  tank 
was  quite  as  efficient  in  obtaining  liquefaction  as  a  closed  one ;  anci 
as  the  cost  of  the  latter  is  so  much  greater,  it  is  not  likely  to  become 
popular,  and  probably  will  not  be  adopted  in  future  unless  for  special 
local  reasons.  The  results  which  were  obtained  at  Manchester  are 

in  accord  with  the  experience  which  we  have  had  at  Saltley ;  and  I 
am  glad  to  say  that  notwithstanding  the  fact  that  our  septic  tanks 
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there,  forming-,  perhaps,  the  largest  collection  of  such  tanks  in  the 
world,  have,  during-  the  past  two  and  one-half  years,  been  entirely 
free  from  nuisance. 

"It  is  impossible  to  give  an  accurate  figure  which  would  repre- 
sent the  amount  of  sludge  the  septic  tank  is  capable  of  liquefying, 

so  much  dtepends  on  the  nature  of  sewage  treated,  the  length  of  time 
it  is  confined  in  the  septic  tank  and  the  amount  of  suspended  matter 
removed  by  screening  and  straining  before  it  reaches  the  septic 
tank.  The  following  statement  of  the  result  obtained  at  Saltley, 
where  20  large  tanks,  subject  to  fluctuations,  are  in  daily  use,  will 
afford  some  evidence  of  the  liquefaction  obtained  under  adverse 
conditions.  Crude  sewage,  as  it  enters  the  sedimentation  tanks, 

contains  39.45  grains  per  U.  S.  gallon  of  suspended  matter.  This 

is  disposed  of  as  follows :  20  grains  per  gallon,  or  about  one-half  of 
the  whole,  is  ejected  down  the  sludge  main  and  disposed  of  on  land ; 
14.26  leaves  the  septic  tanks  in  the  form  of  humus;  5.17  is  liquefied 

and  given  off  in  gas." 
As  showing  the  amount  of  purification  that  takes  place  in  the 

sedimentation  and  septic  tanks  at  Birmingham,  the  following  data, 
taken  from  a  table  given  by  Dr.  Watson,  are  interesting  and 
valuable : 

Parts  per  1,000,000. 

Nature  of  Sample. 

Nitrates, 

etc.,  as 
Nitrogen. 

Dissolved 
Solids. 

Suspended Solids. 
Free 

Ammonia. 
Albuminoid 
Ammonia. 

Computed  Average  Sewage 

Sedimentation  Tank  .    .    . 

Septic  Tank   

0.70 

0-73 

0.31 

127.6 

I31.8 

II7.9 

68.6 

34-6 

27.4 

4-77 

4.58 
5-84 

1-73 

1.32 

I.OI 

Chlorine. 

Oxygen  absorbed 
in  4  hours. 

Alkalin- 

ity. 

Percentag;e  of 
Purification. 

Nature  of  Sample. Filtered. 

Un: 

filtered. 

Albu- 

minoid 
Ammonia. 

Oxvgen 

Ab- 

sorption. 

Computed  Average  Sewage 

Sedimentation  Tank  .    .    . 

Septic  Tank   

21.8 

20.6 
21.3 18.22 14-93 

12.09 

9-63 

9-25 

7.18 

22.2 

18.2 

26.9 
23-7 

41.6 

18.1 

33.6 

And  in  closing,  I  should  like  to  quote  from  a  personal  letter 

received  from  Dr.  W^atson  last  month,  in  which  he  says :  'Tt  may 
interest  you  to  know  that  we  have  just  cleaned  out  a  septic  tank 
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which  has  been  in  use  continuously  for  four  years  and  two  months. 

The  amount  of  irreducible  residue  occupying  the  bottom  of  the  tank 

was  equal  to  nearly  one-third  of  the  tank  capacity,  and  I  send  here- 

with a  copy  of  the  analyses  which  our  chemist  has  made  of  that 
residuum : 

Analyses. 

Total  organic  matter  in  dry  sludge   44-67  per  cent. 

"       nitrogen  in  dry  sludge    2.47         " 

'■       inorganic  matter  in  dry  sludge   55-33         " 

The  inorganic  matter  contains : 

Siliceous  matter    (sand,   etc.)   20.00  per  cent. 

Oxide  of  copper       1.71 
Oxides  of  iron  and  aluminum   20.00 

'■  '■  Zinc,  Manganese  and  Nickel,  about    5.00 
Lime  and  ̂ lagnesia,  about    7.00 
Oxides  of  Phosphorus  and  Alkalies,   about    2.00 

BY   MR.    C.-E.    A.    WIXSLOW,    BIOLOGIST,    IN    CHARGE   OF   THE    SEWAGE 
EXPERIMENT   STATION  OF  THE  MASSACHUSETTS   INSTITUTE 

OF   TECHNOLOGY. 

It  is  said  that  young  men  talk  about  what  they  are  doing,  old 
men  about  what  they  have  done  and  fools  about  what  they  are  going 

to  do.  I  am  afraid  that  by  calling  upon  me  to-night  you  force  me 
to  place  myself  in  the  latter  class. 

The  newest  of  our  septic  tanks  has  been  in  operation  about  2 
days,  and  the  oldest  of  them  only  6  months,  so  that  we  feel  we  are 
just  beginning  to  get  a  glimmering  of  light  as  to  the  nature  of  the 
problem  before  us.  As  Mr.  Barbour  has  said,  the  septic  tank  is  a 

"live  issue,"  a  sort  of  balanced  aquarium,  in  which  certain  organisms 
are  carrying  out  the  processes  of  fermentation ;  and  these  bacteria 

are  susceptible  to  the  slightest  changes  in  their  environment, — the 
chemical  composition  of  the  sewage,  the  temperature,  and  particu- 

larly the  time  during  which  the  process  is  prolonged,  being  the 
main  variable  factors.  Of  these,  the  time  element  is  perhaps  the 
most  easily  controlled,  and  we  have  begun  our  investigations  with 
this,  studying  at  first  very  long  periods,  longer  than  would  be  used 
in  practice,  since  such  extreme  cases  give  the  best  clues  to  the 
theoretical  principles  involved. 

The  action  of  the  septic  tank  is  apparently  two-fold.  In  the  first 
place  we  desire  to  get  the  solid  matter  liquefied.  In  the  second  place 

w-e  desire  to  get  the  organic  matter,  in  solution,  into  such  a  condi- 
tion that  it  will  be  readily  acted  upon  in  the  subsequent  processes. 

We  have  found  in  the  former  respect  that  a  too  prolonged  period  of 
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action  has  an  unfavorable  effect  on  the  liquefying  action,  2  septic 
tanks  run  at  such  a  rate  that  their  contents  were  changed  once  in  48 
hours  showing  on  the  average  more  suspended  matter  in  the  effluent 
than  did  2  tanks  run  at  twice  this  rate. 

Furthermore,  we  have  already  a  little  evidence  as  to  the  injuri- 
ous effects  of  excessive  septic  action  upon  subsequent  processes  of 

purification.  We  have  2  systems  of  double  contact  beds,  i  pair  tak- 
ing raw  sewage  and  the  other  sewage  septicized  for  30  hours.  Now, 

while  the  septic  sewage  is  more  readily  acted  upon  in  its  passage 

through  the  -first  contact  bed,  showing  a  removal  of  52  per  cent, 
total  and  75  per  cent,  suspended  albuminoid  ammonia  against  2^ 
per  cent,  and  62  per  cent,  for  the  raw  sewage,  the  effluent  appears  to 
be  of  such  a  nature  that  the  process  in  the  second  contact  bed  is 
seriously  hampered.  The  final  effluent  from  the  system  taking  septic 
sewage  shows  60  per  cent,  removal  of  total  albuminoid  ammonia 
and  79  per  cent,  removal  of  suspended  albuminoid  ammonia  against 
69  per  cent,  and  90  per  cent,  in  the  case  of  the  raw  sewage. 

We  are  planning  at  present  to  extend  this  study  by  comparing 
the  results  of  shorter  periods  of  septic  action,  but  evidently  it  is 
easily  possible  to  carry  the  septic  process  too  far. 

I  am  glad  of  this  opportunity  to  say  a  word  about  our  station 

and  its  purpose.  Some  of  you  may  know  that  the  Sewage  Experi- 
ment Station  of  the  Massachusetts  Institute  of  Technology  was 

established  last  June  as  the  result  of  a  gift  by  a  private  individual, 

whose  name  is  not  made  public.  We  have'  now  installed  4  inter- 
mittent filters,  6  septic  tanks,  9  contact  filters  and  3  continuous  or 

trickling  filters,  the  capacity  of  the  tanks  varying  from  64  to  96 
cubic  feet.  Our  aims  are  first  educational,  since  the  station  affords 

an  unrivaled  opportunity  for  the  students  at  the  Institute  to  study 
sewage  purification ;  but  we  also  hope  that  we  may  in  some  small 
way  be  able  to  supplement  with  original  investigations  the  splendid 
work  that  is  being  carried  on  by  the.  State  Board  of  Health.  There 
is  still  much  to  be  done  on  this  problem,  as  you  will  realize  when 
you  consider  that  we  know  practically  nothing  about  the  nature  of 
the  specific  organisms  which  are  the  active  agents  involved. 

In  our  work  we  are  very  anxious  to  get  the  assistance  of  all 
those  who  are  interested  in  the  sewage  problem.  We  should  like  to 
have  all  the  members  of  this  Section  visit  our  plant,  located  at  786 
Albany  Street,  at  the  corner  of  Massachusetts  Avenue,  on  the  line 
of  the  largest  Boston  sewer.  We  should  like  to  have  your  advice 
as  to  the  work  we  are  now  carrying  on  and  your  suggestions  as  to 
researches  in  the  future. 

I  suppose  that  one  of  the  aims  of  this  Sanitary  Section  is  to 
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bring  together  those  occupied  with  theoretical  experimentation  and 
those  engaged  in  the  operation  of  plants  on  a  large  scale.  I  do  not 
know  how  much  in  the  future  the  theoretical  man  may  contribute 
to  the  practical  man,  but  I  know  from  the  theoretical  standpoint  that 
only  so  far  as  we  keep  in  touch  with  the  actual  problems  of  the  day 
do  we  feel  that  we  are  performing  our  function  to  the  Institute.  I 
therefore  want  to  express  my  thanks  to  the  members  of  the  Society 
who  have  organized  this  Section  for  permitting  those  of  us  who  are 
not  members  of  the  Boston  Society  of  Civil  Engineers  to  come  here 

and  to  listen  to  the  interesting  papers  which  have  been  read  to-night, 
and  for  the  promise  of  manv  more  such  stimulating  meetings  in  the 
future. 

BY  MR.   F.    HERBERT  SXOW,   CIVIL  ENGINEER,   BOSTON. 

The  speaker  came  here  to-night  with  the  avowed  purpose  of 

remaining  silent,  for  the  reason  that  he  is  actively  engaged  in  de- 
fending several  of  the  suits  in  litigation,  to  which  reference  has 

been  made;  but  as  this  seems  to  be  a  kind  of  experience  meeting, 

the  "power"'  has  been  coming  on  as  the  moments  went  by  and 
other  speakers  have  left  untouched  one  important  phase  of  the  sub- 

ject, so  that  now,  at  the  close  of  the  evening,  he  is  really  glad  and 
anxious  to  offer  a  few  remarks,  and  should  anything  he  may  say 
prove  of  advantage  to  the  attorneys  for  the  claimants  in  the  said 
cases,  they  are  welcome  to  it. 

In  passing,  as  one  of  the  members  of  the  Boston  Society  of 
Civil  Engineers,  interested  in  the  formation  and  success  of  this 
Sanitary  Section,  the  speaker  wishes  to  say,  that  the  members  of 
the  Sanitary  Section  have  occasion  to  congratulate  themselves  on 

this  auspicious  beginning  of  its  career :  First,  because  of  the  gather- 
ing of  so  distinguished  a  body  of  original  investigators  of  the  septic 

treatment  of  sewage  as  we  see  about  this  board ;  and,  second,  be- 
cause at  the  outset  the  discussion  has  taken  the  form  of  such  broad 

and  free  expression  of  opinion  as  to  demonstrate  the  fact  that  the 

Association  is  to  be  more  than  an  "Amen"  corner  of  the  Boston 
Society  of  Civil  Engineers. 

While  much  is  known  about  the  putrefying  process  of  sewage 

disposal,  as  appears  from  this  evening's  consideration  of  the  subject, 
the  speaker  has  been  notably  impress€d  by  the  knowledge  which  is 
lacking,  or,  in  other  words,  by  his  desire  for  certain  information, 

which  information,  he  infers,  no  one  is  able  to  supply,  and  the  natu- 
ral conclusion,  to  which  it  would  seem  all  present  must  hold,  is  that 

the  art  is  very  much  in  its  infancy. 

The  discussion,  simmered  down,  results  in  this — if  the  speaker 
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may  be  pardoned  the  conceit — that  opinions,  rather  than  practically 

demonstrated  conclusions,  must  obtain  at  this  stage  of  the  develop- 

ment ;  but  it  is  only  fair  to  add  that  those  expressed  here  to-night, 
while  at  wide  variance  in  some  respects  of  importance,  are  based 

upon  personal  researches,  experiment  and  experience,  and  therefore 

must  carry  with  them  great  weight. 

The  investigator  who  claims  not  to  be  an  advocate  deceives 

himself.  He  is  such  to  the  extent  his  mind  is  enlightened  upon  the 

particular  subject  he  is  following,  and  he  may  be  so  engrossed  in  this 

one  line  of  thought  and  its  collateral  work  as  to  lose  sight  of  the  real 

significance  of  other  observed  facts.  Such  has  been  the  case  with 

respect  to  the  attitud'e  of  investigators  and  engineers  during  the 

greater  part  of  the  last  20  years  toward  the  putrefying  process  in 

sewage  disposal  as  disinct  from  the  oxidizing  process. 

From  the  earliest  times  putrefaction  has  caused  trouble  and 

incidentally  death,  and  efforts  have  been  continually  made  to  prevent 

it.  Fifty  years  ago  neighborhood  sewage  settling  tanks  were  some- 
what generally  abandoned  in  England  on  account  of  the  inevitable 

nuisance  they  created,  and  facilities  for  handling  and  treating  sew- 
age in  as  fresh  a  state  as  possible  were  promoted  and  continued  all 

along  the  years.  About  1878  an  innovation  was  established  by  one 

Dr.  Mueller,  of  Berlin,  who,  in  describing  his  invention,  said,  as 

nearly  as  can  be  recalled  at  this  moment,  that  while  on  one  hand  the 

adoption  of  flush  sewers  was  becoming  quite  general,  so  was  also,  on 

the  other  hand,  the  demand  for  the  use  of  the  water  necessarily 

wasted  in  operating  the  sewers,  and  that  this  reuse  of  the  water 

required  that  it  be  purified,  but  that  the  difficulty  in  accomplishing 

this  lay  in  the  contained  organic  matter  and  the  putrefaction  it  in- 
volved ;  and,  further,  that  while  the  attempt  to  remove  this  nuisance 

or  putrefaction  by  dilution  on  a  large  scale,  or  by  antiseptics  or 

chemicals,  or  b}^  oxidation  in  filters  or  irrigation  on  land  had  all 

proved  futile,  and  investigators  had  concluded  that  on  purely  chemi- 
cal or  mechanical  lines  the  object  aimed  at.  that  is,  the  purification 

cf  the  organic  matter  by  methods  which  obviate  as  far  as  practicable 

any  putrefaction,  was  not  attainable,  his  process  aimed  at  purifica- 
tion by  promoting  the  agencies  of  putrefaction  by  the  methodical 

cultivation  of  those  small  "leaven-like"  organisms,  to  which  science 
was  then  ascribing  the  phenomena  of  fermentation,  acidification  and 

putrefaction. 

In  his  tank  or  apparatus  he  brought  into  requisition  these 

organisms,  and  effected  thereby  the  complete  mineralization  or 

"reduction  to  simple  inorganic  compounds  of  the  organic  matters 

in  the  liquid." 
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So  here  we  see  was  a  recognition  of  the  so-called  modern  septic 

process.  Four  years  later,  in  1882,  one  Louis  Moiu'as,  of  France, 
patented  a  sewage-liquefying  apparatus,  which  had  for  its  object  the 
retention  and  destruction  of  the  solids  in  sewage  in  the  tank,  and 
the  discharge  therefrom  of  liquid  only,  the  intention  being  to  obviate 

deposits  in  sewers  and  thereby  reduce  the  flow  in  the  sewers  re- 
quired for  scouring  them  and  carrying  away  the  heavier  matters. 

This  invention  was  very  extensively  utilized  in  Paris  and  is  still 
in  use  in  some  parts  of  France. 

The  American  right  to  this  apparatus  was  granted  in  1882,  and 
was  very  fully  described  with  cuts  in  the  Engineering  Nezvs  of  that 
year.  This  article  gave  an  account  of  the  experiment  conducted  with 

the  apparatus,  and  showed  how  solid  matters  were  effectually  lique- 
fied in  the  tank. 

Anyone  conversant  with  the  art  of  sewage  disposal  at  that  time 
and  with  American  literature  on  the  subject  must  have  known 
about  this  article  and  the  intentional  use  of  the  putrefaction  process 
in  sewage  disposal. 

In  proof  of  this  we  find  that  !Mr.  Edward  S.  Philbrick,  whom 

some  of  you  may  have  known,  and  who  was  a  recognized  authority 
on  sanitary  matters,  in  a  series  of  articles  published  the  very  next 

year,  1883,  described  an  apparatus  of  his  own,  perfected  after  several 

years'  experiment,  which  provided  for  the  use  of  the  putrefactive 
action,  and  which  as  perfected  he  gave  to  the  public  for  what  it  was 
worth,  with  the  comment  that  the  method  had  been  so  long  in  use 

that  claims  to  proprietorship  were  not  considered  valid  in  his  esti- 
mation. 

His  apparatus  comprised,  among  other  features,  a  compartment 
in  which  solids  were  to  be  separated  from  the  liquid  sewage,  and 
retained  and  become  macerated  and  finely  divided  by  fermentation. 

So  here  was  an  acknowledged  American  authority,  in  1883,  recog- 
nizing and  intentionally  using  the  putrefaction  process  as  described 

by  2^Iouras  and  ̂ Mueller.  But  he  cautioned  its  use,  and  recommended 

strict  attention  to  proper  ventilation  of  the  odors  accompanying 

putrefaction. 
And  we  find  no  less  an  apostle  of  oxidation  than  the  late  Geo. 

E.  Waring,  stating  in  his  last  book  published  in  1895,  in  referring 
to  his  system  of  disposal  of  wastes  of  isolated  houses,  as  near  as 

can  be  recalled  at  this  moment, — that  in  the  first  of  the  2  tanks  all 

of  the  characteristics  of  the  old-time  cesspool  may  be  found,  where 
the  sediment  and  the  scum  are  in  a  seething  mass  of  putrefaction, 

emitting  foul  odors  which  are  objectionable,  but  he  adds,  "No  way 
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has  yet  been  discovered  in  which  the  foul  deposit  chamber  can  be 

dispensed  with." 
So  we  see  that  the  question  of  a  nuisance  was  a  drawback  to  the 

putrefaction  process,  and  it  was  this  bugaboo  of  a  nuisance  which 

has  agitated  the  minds  of  the  citizens  of  every  municipahty  in 
Massachusetts  when  a  sewage  disposal  plant  has  been  constructed. 

It  was  notably  so  at  Medfield,  in  1886,  when  Elliot  Clarke  recom- 
mended intermittent  filtration,  and  notably  so  at  all  the  earlier 

places  of  installation  in  the  State. 

It  appears,  and  is  the  fact,  that  while  the  liquefying  putrefying 
process  was  known,  the  sanitary  aspect  of  the  disposal  problem  was 

considered  paramount,  and  therefore  the  whole  trend  of  thought 
and  practical  endeavor  was,  during  all  these  years,  toward  the 

oxidizing  non-offensive  process  and  away  from  the  putrefactive 
offensive  one. 

This  accounts  for  the  fact  that  up  to  1897  investigators  lost 
sight  of  the  possible  advantages  which  lay  in  promoting  putrefaction 
to  a  stage  beyond  which  it  had  been  previously  used.  But  when 

Cameron,  in  1897,  exploited  his  septic  tank,  an  impetus  was  at 

once  given  to  research  along   similar  lines. 

But  even  now,  after  several  years  of  special  study,  the  knowl- 
edge of  how  best  to  promote  liquefaction  to  a  desirable  degree,  and 

what  constitutes  this  desirable  degree,  is-  a  minus  quantity,  and  the 
observed  facts  are  most  contradictory. 

Even  on  the  question  of  practicability  and  utility  of  this  pro- 

cess we  have  at  loggerheads,  here  to-night,  the  leading  exponents 
of  the  art  in  America. 

•The  speaker  wishes  to  record  his  testimony  at  this  time  as 
against  the  policy  of  the  general  adoption  of  the  modern  septic  tank. 
The  tank  of  the  day  is  more  than  likely  to  cause  a  serious  nuisance 

in  the  neighborhood  of  the  installation,  unless  extreme  precautions 

are  adopted.  The  disposal  of  the  insoluble  mineral  sludge,  together 
with  more  or  less  organic  matter,  is  a  most  difficult  problem,  and  in 

every  case  the  speaker  knows  about  is  accompanied  by  offensive 
odors. 

Whether  these  difficulties  are  inherent  in  the  process,  or  may 

be  eliminated  by  attention  to  details  of  design  and  operation,  re- 
mains yet  to  be  demonstrated. 

The  expense  of  doing  this,  if  it  can  be  done,  is  a  factor  for 
consideration,  and  also  the  important  fact  that  the  process  is  on  the 

wrong  side  of  the  sanitary  fence  anyway. 

Still  further,  if  the  chemical  changes  in  the  liquid  of  any  par- 
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ticular  case  is  likely  to  render  the  sewage  more  difficult  to  purify, 
there  is  an  added  doubt  as  to  the  advisability  of  the  adoption  of  the 

process. 
So  far  as  the  speaker  is  able  to  judge  at  the  present  time,  from 

his  lifetime  experience  and  observation,  the  staling  of  sewage  in 
settling  tank,  disposal  of  solids  while  in  a  comparatively  fresh  state, 
and  in  small  quantities,  and  the  oxidation  of  the  supernatant  liquid 
by  one  of  several  approved  methods,  is  the  safest  and  very  best 
system  for  general  adoption. 
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THE    DESIGN     OF    THE     STEEE-CONCRETE    WORK     OF 
THE   HARVARD    STADIUM. 

By  Lewis  J.  Johnson,  Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  before  the  Society,  December  8,  1903.*] 

Although  the  Harvard  Stadium  is  well  known  in  its  general 

character  to  many  members  of  this  Society,  it  may  be  well  at  the 

outset  to  recall  briefly  some  of  its  main  features. 

The  Stadium  -is  a  steel-concrete  and  steel  grand-stand,  U-shaped 
in  plan,  to  accommodate  some  23,000  spectators  at  football  and 

other  games  on  Soldier's  Field,  in  the  Brighton  District  of  Boston. 
It  is  intended  to  furnish  a  permanent,  fireproof  and  architecturally 

pleasing  structure  in  place  of  the  short-lived  and  unsightly  wooden 

grand-stands  hitherto  in  use.  Figs,  i  and  2  show  the  general  ap- 
pearance of  the  structure  when  work  was  discontinued  for  the 

winter.  The  object  in  the  foreground  of  Fig.  2  is  an  aisle  slab 

(described  below)  in  an  inverted  position. 

The  structure  consists  essentially  of  five  parallel  rows  of  steel- 
concrete  girders,  columns  and  piers,  extending  around  the  U  from 

tip  to  tip,  and  supporting  a  system  of  steel  beams  and  trusses  cross- 
ing them  transversely  (Fig.  3  and  PI.  I).  This  transverse  steel  work 

in  turn  supports  lines  of  steel-concrete  slabs  running  around  the  U 

and  forming  the  seating  surface.  The  rows  of  steel-concrete  work 
are  designated  by  the  letters  A,  B,  C,  D  and  E,  counting  from  the 

interior  outward.  Fig.  4  shows  the  four  inside  rows  on  the  curve, 

rows  A  and  D  not  yet  stripped.  Row  A,  besides  supporting  ends 

of  steel  beams,  includes  the  front  parapet,  a  wall  about  nine  feet 

*  Manuscript  received  January  11,  IQ04. — Secretary,  Ass'n  of  Eng.  Socs.. 
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in  height  and  continuous  around  the  U.  Rows  R  and  C  support 

only  steel  work ;  row  D  supports  the  outer  ends  of  the  steel  work 

and  shares  with  row  E  the  support  of  two  steel-concrete  prome- 
nades or  galleries  about  twenty  feet  in  wndth  at  levels  of  about  25 

and  50  feet  above  the  ground  and  running  from  tip  to  tip  of  the 

Stadium.  Row  E  is  a  line  of  hollow  piers  separated  by  two  stones 

of  arched  openings,  and  ultimately  to  carry  a  wall  at  the  third  story 

which,  with  the  aid  of  a  colonnade  surmounting  row  D,  will  support 

the  roof  of  the  upper  promenade.  The  openings  of  the  lower  of  the 

two  arcades  of  row  E  afford  access  to  the  stairways  to  the  seating 

surface,  and  the  openings  of  the  upper  afford  outlooks  from  the 

promenade  behind  them. 

The  steel-concrete  work  includes,  besides  all  the  columns,  piers, 
main  girders,  floors  and  the  seating  surface  above  mentioned,  the 

outside  and  end  walls,  the  staircases  and  all  parapets  and  railings. 

The  foundations  are  all  of  concrete,  some  reinforced,  some  plain. 

All  parts  exposed  directly  to  the  weather  are  of  steel-concrete. 
The  developed  length  of  the  U  at  the  outside  row  is  1390  feet, 

and  the  uniform  width  across  from  front  to  back  of  the  wings  of 

the  U  is  98  feet.  The  area  actually  under  cover  is  some  120,000 

square  feet,  about  40  per  cent,  of  which  is  devoted  to  the  semi- 
circular end,  and  the  rest  to  the  two  straight  wings.  The  lowest 

seat  is  about  8  feet  and  the  highest  about  48  feet  above  finished 

grade.     The  number  of  rows  of  seats  is  31. 

The  over-all  length  of  the  Stadium  is  575  feet,  and  the  width 
is  420  feet,  both  exclusive  of  some  small  towers  to  occur  at  each 

tip  of  the  U  and  a  flight  of  two  or  three  steps  to  extend  the  whole 

length  of  the  outside.  The  highest  part  of  the  structure  now 

finished  is  about  53  feet  above  the  ground,  but  the  addition  of  the 

covering  for  the  upper  promenade  will  m.ake  the  final  height  71 
feet. 

Durability,  adaptability  to  rapid  construction,  coupled  with  its 

aesthetic  possibilities  and  moderate  cost,  are  the  qualities  which  led 

to  the  use  of  steel-concrete  to  the  extent  above  described.  The  steel 

work  used  to  supplement  it  is  under  cover,  accessible  for  painting, 

and  will  be  kept  isolated  from  combustibles,  and  is  hence  deemed 

acceptable  from  the  point  of  view  of  permanence.  It  was  fabricated 

vv^hile  the  concrete  to  support  it  was  being  placed,  and  much  time 
was  thus  saved,  and,  under  the  circumstances,  probably  some 
money. 

'  Most  of  the  concrete  work  was  cast  in  place  in  wooden  forms 
in  the  ordinary  way,  but  the  slabs  of  which  the  seating  surface  is 

composed  were  of  a  special  mixture  and  were  cast  in  sand  molds 
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upon  the  ground  in  units  weighing-  about  1200  pounds  each,  and 
after  hardening  were  hoisted  into  place  and  set  upon  the  supports 

which  were  meanwhile  being  prepared  for  them.  The  concrete 

cast  in  the  wooden  forms  is  to  be  picked  so  as  to  remove  the  board 

marks,  while  the  seat  slabs  have  a  satisfactory  surface  given  by  the 
sand  mold.  The  steel  reinforcement  in  all  the  concrete  consisted 

of  Ransome  cold-twisted  square  steel  bars  (ranging  in  size  from 

quarter-inch  to  inch),  supplemented  in  the  seat  slabs  with  a  special 
wire  netting  with  rectangular  meshes,  electrically  welded  at  the 

joints. 

The  concrete  was  mixed  by  machinery,  two  Smith  mixers  oper- 

ated by  gasoline  engines  constituting  the  plant  for  the  purpose. 

Constants  for  use  in  the  concrete  design  were  taken  at  figures  to 

be  regarded  as  suitable  for  ordinary  Portland  cement  concrete  of 

1:3:6  mixture,  though  the  concrete  used  was  of  varying  mixtures, 

always  considerably  richer  than  1:3:6.  An  attempt  was  made  to 

use  concrete  of  special  mixtures  for  special  places  in  the  work, 

but  this  was  found  to  be  impracticable  under  the  conditions — 
except,  as  above  stated,  in  the  case  of  the  seat  slabs. 

Three  grand  divisions  of  the  work  went  on  simultaneously — the 
casting  of  the  standing  concrete  (work  going  on  on  both  wings  at 

once),  the  manufacture  of  the  structural  steel  work  and  of  the 

concrete  slabs.  The  results  of  these  three  operations  were  assem- 
bled by  the  setting  of  the  steel  work  and  the  slabs. 

The  Boston  Bridge  Works  had  the  contract  for  the  manufacture 

and  erection  of  the  structural  steel,  but  the  steel-concrete  work 

was  done  by  day  labor,  the  Aberthaw  Construction  Company  being 

employed  as  purchasing  agents  and  as  field  executives  to  devise, 

install  and  operate  the  steel-concrete  construction  plant. 
The  Harvard  Athletic  Association  furnished  the  general  and 

detailed  designs  for  the  entire  structure,  the  architecture  being  in 
the  hands  of  Messrs.  C.  F.  McKim  and  G.  B.  de  Gersdorff,  of  New 

York ;  the  engineering  design  was  the  work  of  Mr.  J.  R.  Worcester 
and  the  writer,  and  the  whole  was  under  the  direction  of  Professor 
I.  X.  HolUs. 

The  foundations  are  of  the  simplest  character,  as  borings 

showed  only  hard  gravel  and  clay  to  a  depth  of  at  least  40  feet. 

They  are  mere  concrete  or  steel-concrete  blocks  laid  on  the  natural 

ground  just  below  frost,  so  proportioned  as  to  keep  the  maximum 

pressure  on  the  ground  from  exceeding  7000  pounds  per  square 
foot. 

The  methods  and  principles  followed  in  the  design  of  the  re- 
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mainder  of  the  concrete  work  may  convenientlv  be  taken  up  under 

three  general  heads,  viz : 

( 1 )  Columns. 
(2)  Girders  (simple  and  cantilever). 

(3)  Walls  and  parapets. 

COLUMNS. 

All  the  columns  contain  twisted  rods  in  the  form  of  verticals 

at  the  corners,  with  or  without  horizontal  hoops  at  close  intervals 

(PI.  II).  This  steel  was  not,  however,  counted  on  as  furnishing- 
compressive  resistance.  Its  utility  was  conceived  to  lie  in  withstand- 

ing any  slight  flexure  that  might  come  upon  the  columns  from  lateral 

forces  due  to  temperature  changes  or  other  causes.  This  rein- 

forcement consisted  of  three-eighths  and  half-inch  rods,  depend- 
ing on  the  size  of  the  column,  one  such  rod  being  placed  near  each 

corner  of  the  column.  In  order  to  guard  against  the  risk  of  such 

slender  rods  buckling  when  too  near  the  surface,  square  hoops  of 

quarter-inch  rods  encompass  them  in  horizontal  planes  at  intervals, 
keeping  their  free  or  unsupported  lengths  within  reasonable  limits. 

Besides  adding  flexural  strength,  as  just  described,  this  steel 

furnishes  some  protection  against  the  failure  by  shearing  on  planes 

inclined  about  55  degrees  to  the  horizon  characteristic  of  prisms 

of  materials  like  plain  concrete.  It  was  not  overlooked  that  Pro- 

fessor Hatt  found*  reinforced  concrete  prisms  to  stand  compres- 
sion rather  less  well  than  plain  ones,  but  it  was  by  no  mfens  clear 

that  his  conditions  were  repeated  in  the  Stadium,  and  the  desira- 
bility of  a  slight  amount  of  flexural  strength  already  mentioned; 

and  of  the  increased  protection  furnished  by  the  steel  against 

shrinkage  or  other  cracks,  made  it  seem  on  the  whole  preferable 

to  use  it.  The  columns  proper  range  in  size  from  14  x  14  inches 

to  24  X  33  inches.  Besides  these,  and  designed  in  the  same  general 

way,  with  corner  vertical  rods  and  horizontal  hoops,  except  that 

they  are  hollow,  are  the  piers  showing  in  the  outside  wall  and 

already  mentioned, which  are  externally  66  x  36  inches  (PI.  Vb),  the 

walls  along  the  66-inch  side  being  4  inches  thick  and  the  other  two 

6  to  8  inches  thick,  the  8  and  6-inch  ends  being  counted  on  as 
furnishing  the  whole  compressive  strength. 

The  cross-sections  of  the  columns  were  determined  by  applying 
an  allowable  compressive  stress  of  350  to  400  pounds  per  square 

inch  to  the  maximum  combined  live  and  dead  load,  increasing  the 

results  thus  obtained  whenever  necessary  to  keep  the  ratio  of  the 

'Engineering  News,  July  17,  1902,  p.  54. 
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length  to  least  side  of  column  down  to  about  twelve,  or  to  give 
round  numbers  for  dimensions  of  the  section.  The  structural  steel 

work  and  concrete  girders  and  struts  were  arranged  to  aid  in 
keeping  down  the  ratio  of  length  to  least  side. 

GIRDERS. 

Out  of  the  multitude  of  methods  advanced  for  the  design  of 

steel-concrete  girders,  one  based  upon  the  observations  of  Prof. 

\V.  K.  Hatt*  was  adopted  throughout  the  work.  This  method 
seemed  at  least  as  rational  as  any ;  it  gave  conservative  results, 

and  (thanks  to  suggestions  drawn  from  Mr.  J.  W.  Schaub's  letter 
in  the  Engineering  Nezi'soi  April  30,  1903.  p.  392)  was  very  easy  to 
use.  This  method  ignores  the  tensile  strength  of  the  concrete,  as- 

sumes a  parabolic  distribution  of  compressive  stress  and  assigns  a 
position  to  the  neutral  axis  dependent  upon  the  percentage  which 

the  cross-section  of  the  steel  tension  flange  bears  to  the  whole  cross- 
section  of  the  girder.  The  proper  and  economical  percentage  of 
steel  being  dependent  upon  the  relative  cost  of  concrete  and  steel, 

r.bout  seven-tenths  of  one  per  cent,  was  a  value  commonly  used  in 
the  Stadium,  though  it  is  a  question  whether  a  higher  one  might  not 

have  been  generally  more  economical.  With  the  assumed  steel  per- 
centage, the  maximum  unit  compressive  stress  in  the  concrete 

was  determined  for  the  load  which  would  be  supported  at  the  ap- 
pearance of  the  first  crack  on  the  tension  side,  and  a  fraction  of 

this  load  was  taken  as  the  allowable  load,  this  fraction  being  the 

ratio  of  the  assumed  allowable  500  pounds  per  square  inch  to  that 
figured  out  by  the  parabolic  principle  as  the  maximum  at  the  time 
of  the  first  crack.  Thus  the  maximum  working  compressive  stress 
on  the  concrete  is  believed  to  be  kept  from  exceeding  500  pounds  to 
the  square  inch. 

The  appearance  of  the  first  crack  was  assumed  to  be  accom- 
panied by  a  tensile  unit  stress  of  36,000  pounds  per  square  inch  in 

the  steel.  This  is  considerably  below  the  elastic  limit  of  the  steel 

used,  but  it  implies  an  elongation  of  about  one-eighth  of  i  per  cent., 
which  was  taken  to  be  as  much  as  even  armored  concrete  should 
be  trusted  to  stretch  without  a  crack. 

To  illustrate  the  meaning  of  the  preceding,  let  us  suppose  the 
load  upon  a  beam  of  given  dimensions  with  a  given  percentage  of 
steel  located  in  a  given  position  to  be  75,000  pounds  when  the 
stress  in  the  steel  is  at  36,000  pounds  per  square  inch  (assumed 
to  accompany  first  crack  j,  and  that  at  the  same  time  the  maximum 

*  Engineering  Keti'S.  February  27,  1902,  p.  170,  and  July  17,  1902,  p.  53. 
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compressive  stress  on  the  concrete  figures  out  by  the  paraboHc 

principle  to  be  2000  pounds  per  square  inch.  The  allowable  value 

of  the  last  quantity  being  assumed  to  be  500  pounds  per  square 

inch,  the  safe  load  on  the  girder  would  be  -jVA  of  75,000  or 
18,750,  thus  implying  a  working  unit  stress  in  the  steel  of  only 

tVA  X  36,000  pounds,  or  9000  pounds,  without  counting  on  any 
assistance  from  the  tensile  strength  of  the  concrete. 

If,  as  would  be  the  case  with  lower  percentages  of  steel,  the 

compression  on  the  concrete  should  fall  below  1125  at  the  appear- 
ance of  the  first  crack,  the  steel  would  be  the  guiding  factor  instead 

of  the  concrete,  and  a  fraction  of  the  figured  load  would  be  chosen 

so  as  to  keep  the  stress  in  the  steel  down  to  16,000,  even  if  the 

stress  in  the  concrete  should  then  run  considerably  below  the 

allowable  500.  The  writer  is  inclined  to  avoid  such  low  percent- 
age of  steel  as  generally  lacking  in  economy,  but  circumstances 

may  arise  where  thickness  of  slabs  and  depths  of  girders  are  deter- 
mined by  considerations  of  rigidity  or  of  provision  against  abrasion. 

Here  there  can  be  no  objection  to  a  low  steel  percentage  if  the 

unit  stress  in  the  steel  is  kept  within  safe  limits.  It  should  be 

remembered  that  failure  of  a  girder  due  to  the  fracture  of  the  steel 

would  be  a  sudden  failure,  far  more  dangerous  to  life  than  failure 

by  cracking  or  crushing  the  concrete.  Total  failure  would  come 

about  in  the  latter  case  gradually  if  at  all,  giving  warning  to  the 

occupants  of  the  structure.  The  abuse  which  a  concrete  girder 

with  a  fair  proportion  of  steel  will  stand,  and  the  warning  which  it 

will  give  before  utter  collapse  and  dropping  its  load,  is  one  of  the 

properties  of  steel-concrete  not  always  appreciated. 
The  method  above  outlined  may  seem  complicated  and  difficult 

to  use,  but  with  some  predetermined  constants  on  file  for  reference 

it  is,  on  the  contrary,  very  easy  to  use  in  practice,  as  will  be  shown 

later.  It  is  admitted  that  from  the  point  of  view  of  rationality  it 

has  its  weak  points,  as  have  other  methods  of  steel-concrete  com- 
putation. It  leads  to  larger  sections  than  some  other  methods 

professing  to  keep  the  unit-compressive  stress  in  the  concrete  down 

to  500  pounds — producing  an  additional  margin  of  safety  not  un- 
welcome in  a  structure  like  the  Stadium. 

The  constants  mentioned  in  the  preceding  paragraph  may  be 

worked  out  as  values  of  K*  such  that  the  moment  of  resistance  of  a 

*Since  this  paper  was  put  in  type  the  writer  has  observed  that  Pro- 
fessor Hatt  has  suggested  the  use  of  K's  of  a  similar  character  and  has  given 

numerical  values  for  several  of  them.  They  will  be  found  at  the  close  of  his 

paper,  "Tests  of  Reinforced  Concrete  Beams,"  Proc.  Am.  Soc.  Testing 
Materials,  Vol.  II,  1902. 
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concrete  beam  with  breadth  b  and  depth  h  may  be  expressed  simply 

a;  M  =  Kbh",  where  K  is  a  nimierical  coefficient  depending,  for 

a  criven  u  and    ̂ f^,  simplv  on  the  steel  percentage  and  can  be  taken 

from  a  table.    A  brief  table  of  this  sort  is  given  herewith  (Table  I). 

TABLE  L 

\'alues  of  K  for  \'.\rious  Percentages,  p,  of  Steel. 

u  =  0.97 ;  =^  =  7-  5  ;  fs  =16,000  ;  fc  ==  500. Er 

p K 

; 
P K P K P K 

.001 

15 

.CX36 66 .012 

86 .030 116 

.002 

29 

.007 

70 

.014 

91 

.040 

125 

.003 
43 

.008 

74 

.016 95 .050 

133 

.004 

56 

.009 

77 .018 

98 

.005 
61 .010 

80 .020 102 

It  was  compiled  from  Professor  Hatt's'''  formulas  for  the  resistance 
of  beams  at  the  first  crack,  following  Mr.  J.  W.  Schaub  in  using  7.5 

for  the  ratio  of  E  for  steel  in  tension  to  that  of  concrete  in  com- 

pression, and  modified  for  the  lowest  values  of  p  as  above  explained 

to  prevent  the  compressive  stress  in  the  concrete  and  the  tensile 

strength  of  the  steel  from  exceeding  500  and  16,000  pounds  per 

square  inch,  respectively.  The  center  of  gravity  of  the  steel  in  the 

section  is  supposed  to  be  97  per  cent,  of  the  depth  of  the  beam  from 

the  top,  this  percentage  being  called  u.  As  u  frecjuently  differs 

from  0.97,  it  should  be  noted  that  the  h.  which  should  be  used  for 

determination  of  strength  and  steel  percentage  may  be  taken,  within 

ordinary  limits  at  least,  at  a  value  97  per  cent,  of  which  will  be 

the  actual  distance  from  the  top  of  the  girder  to  the  center  of  grav- 
ity of  the  steel. 

For  example,  suppose  the  maximum  flexure  in  a  given  beam, 

including  an  allowance  for  its  own  weight  to  be  2,000,000  inch 

pounds  and  the  proportion  of  steel  to  be  assumed  at  0.007,  recjuired 

the  size  of  the  beam.    Taking  70  from  the  table  as  the  proper  value 

of  K,  bh-  =  1^=    ' — ^ —  z=  28,S70  in.'    The  b  and  h  can  then  be '  K  70  '-^^ 
selected,  b  frequently  being  determined  by  a  column  width,  or  other 

such  consideration. 28  ̂ ^70 

If  b  be  16  inches,  h  follows  at  a/  — ^  =  42.3. 

*  Engineering  News,  July  17,  1902,  p.  56. 
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If  the  center  of  gravity  of  the  steel  must  be  2  inches  above  the 

lower  face,  making  11  ̂ =   — - — ^^  =:  0.951,  i.  c.  less  than  0.097,  the 

actual  gross  depth  of  the  beam  to  be  used  would  be  2  +  0.97  X  4-2-3 

z=  2  -\-  41.2  =  43.2,  or,  for  round  numbers,  say  44. 
The  weight  of  the  beam  being  thus  determined,  the  allowance 

for  flexure  due  to  this  weight  can  be  checked  and  the  beam  re- 
dimensioned  if  necessary.  The  dead  weight  of  such  beams  being 

relatively  a  large  item,  this  point  needs  attention  accordingly.  The 

b  and  h  once  selected  0.007  X  16  X  42.3  will  determine  the  total 

section  of  steel  in  the  girder  which  can  be  made  up  of  rods  in 

various  ways  to  suit  conditions.  The  number  of  rods  may  be 

so  large  as  to  require  their  being  put  in  several  rows,  and  the  u, 

and  hence  the  effective  depth  of  the  girder,  may  thus  be  reduced  so 

that  b  and  h  may  have  to  be  determined  anew. 

An  alternative  method  of  computing  beam  sections  is  that  in 

which  u  is  taken  as  unity,  and  the  resulting  h  is  the  distance  from 

the  top  of  the  beam  to  the  center  of  gravity  of  the  steel.  The  actual 

depth  of  the  beam  will  be  found  by  adding  a  suitable  thickness  of 

concrete  below  the  steel  to  embed  and  protect  it  properly.  Table  II 

gives  values  of  K  to  be  used  in  this  way,  figured  for  the  value  of  7.5 Es 

for  ̂ f^  as  before,  and  also  for  the  values  6  and  10  for  that  ratio. 
Ec  ' 

The  value  6  seems  likely  to  be  the  one  valid  after  the  concrete  is 

several  months  old  and  in  actual  normal  service.     It  is  interesting 

to  see  how  comparatively  slightly  K  is  changed  by  these  variations 

■p 

in^.    

The  

values  

of  
K  
in  
Table  

II,  
as  
well  

as  
in  
Table  

I,  
are  
for 

500  pounds  as  the  maximum  compressive  stress  on  the  concrete, 

and  16,000  as  the  maximum  tension  in  the  steel.    For  values  of  p  at 

0.003  or  less  (for  -p-^-  =  10  this  limit  is  0.005)  the  concrete  is  at 
less  than  500  pounds  compression  when  the  steel  is  at  16,000  pounds 

tension.  Above  these  limits  of  p  the  steel  is  not  worked  up  to 

16,000  when  the  concrete  is  at  500  by  a  margin  which  increases 
•with  p. 

The  amount  of  concrete  added  below  the  steel  should  in  all 

•cases  be  kept  at  a  moderate  percentage  of  the  depth,  for  though  the 
concrete  is  not  relied  upon  in  tension,  it  will,  of  course,  take  some 

tension,  and  if  it  should  reach  much  below  the  steel  it  would  be 

likely  to  show  a  crack  prematurely  and  expose  the  steel  to  corrosion. 
On  the  other  hand  this  thickness  must  be  sufficient  to  afford 

■adequate  fireproofing  for  the  steel  as  w='ell  as  protection  against 
corrosion. 



Fig.  3.     Part  of  Curve  axd  West  Wing  under  construction. 

^ll;"t^iivij'^ 
II 

Fig.  4.     Central  Part    of  Curve  under  construction. 
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Fig.  s.     Curves  showing  K''s  for  varying  -^^  and  u,  Constituting  a 

Ec 

Graphical  Equivalent  of  Tables  I  and  II. 



E:  R  R  ATA. 

\'ol.  XXXII,   Xo.  6,  June,  1904,  page  301 

Line  21.     For  K        7  ̂̂   '^  \  ̂  —  ̂ ^  > 

read  K  =  ■  — -  f c  x  (  u  —    i^-  x  )  . 

Line  26.     For  K  -     f,  p  (  i  —  '^  x.)  , 

read  K  =^    f,  p  ̂u  —  «  ̂   )  • 
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To  make  plain  the  method  of  figuring  with  u  =  i.oo,  the  pre- 
ceding numerical  example  will  be  repeated  here. 

Assuming  steel  percentage  as  before  at  0.007,  and  taking  K  ̂   74 
r  T^    i_i      TT    1-1  •>  ̂ i  2,000,000  _  •       o  ,  ,  /  27  000 

from  Table  II.  bh-  r=  —  =   —^    =  27,000  m.-\  and  h  = ..    ̂ '"^ 
K  74  '  \     16 

=  41.1  inches.    Adding  2  inches  below  the  steel,  the  depth  becomes 

43.1  inches.     The  amount  of  steel  becomes  0.007  X  16  X  4i-i  = 

4.6  square  inches — a  shade  less  than  before. 

Fig.  5  shows  the  K's  of  Tables  I  and  II  plotted  with  the  values 
of  p  and  K  as  abscissas  and  ordinates  respectively.     Here  can  be 

Es 

seen  the  relative  etlects  of  changes  in  u  and     ̂ f^.     It  mav  be  ob- 
==  Ec 

Es 

served  that  with  concrete  old  enough  to  give  the  value  6.0  for  :f^ ^  ^  Ec 

it  might  be  permissible  to  allow  a  unit  compression  on  the  concrete 

above  500  pounds  and  diminish  the  already  inconsiderable  difiference 

between  the  K's  for  the  ratios  6.0  and  7.5.     The  values  of  K  except 
for  the  percentages  below  0.003  to  0.005  '^^c  directly  proportional  to 

the  allowable  unit  compression  on   concrete.     The   values   in   the 

table  being  for  500  pounds  per  square  inch,  K's  for  other  values 
can  be  easily  computed  accordingly. 

The  value  K  may  be  expressed  generally  for  the  values  of  p 

above  0.003  to  0.005  ̂ ^  follows : 

^  -  T  ̂c  ̂^  \  I  -  -^  X 

Avhere  f^  is  the  allowable  compressive  stress  in  pounds  per  square 
inch  on  the  concrete,  and 

^         Es     ,     _/ 
4 

Es     ,    ̂ /   3     Es  /  ,      3     Es        \ 

For  the  low  values  of  p  not  covered  by  the  preceding, 

K  =  r  p  (  I  - 1  X  ) 

where  f^  =  allowable  tensile  stress  per  square  inch  on  the  steel,  — 
other  letters  as  before. 

The  K's  are  seen  to  be  quasi  allowable  fiber  stresses.  Multiplied 
by  the  area  and  length  expressed  by  bh-  they  give  a  moment  of 
a  couple,  the  resisting  couple  in  the  beam,  as  they  should.  The 

K's  multiplied  by  6  give  quantities  comparable  with  the  fiber  stresses 
allov/ed  in  rectangular  wooden  beams.  It  thus  appears  that  a  steel- 
concrete  beam  is  generally  considerably  inferior  in  carrying  capacity 

to  even  a  spruce  beam  of  the  same  breadth  and  depth. 

Before  leaving  this  part  of  the  subject  it  may  be  worth  while 
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to  point  out  that  Mr.  A.  L.  Johnson's  four  formulas*  for  stren^h 
of  "average  rock  concrete"  may  be  condensed,  using  a  factor  of 
safety  of  4,  into  M  :=  87.5  bd-  with  u  at  97  per  cent.,  and  give  for 
p  almost  exactly  0.007.  According  to  this  method  of  figuring,  the 
K  given  in  Table  I  as  70  would  correspond  to  a  factor  of  safety  of 

5.  It  seems  likely  that  other  formulas  for  strength  of  steel-concrete 

beams  might  be  put  into  the  form  J\I  =  Kbh-. 

TABLE  II. 

Values  of  K,  for  Various  Percentages,  p,  of  Steel. 

u  =  i.oo  ;  f   =  16,000  ;  f   ̂   500. 

Es  /  Ec  = 
=  6.0 

Es  /  Ec  = 

=  7-5 

Es  /  Ec  = 

=  lO.O 

P K P K P K 

.001 16 .001 

15 

.001 

15 

.002 

31 

.002 

30 

.002 

30 

.003 45 

.003 
45 

.003 

44 .004 

54 

.004 

60 

.004 

59 .005 

59 

.005 

65 

.005 

73 

.006 

64 

.006 

69 

.006 

78 

.007 
68 

.007 

74 
.007  • 

82 
.008 

72 

.008 

78 

.008 
86 .009 

75 

.009 

81 

.009 

90 

.010 

78 

.010 

84 

.010 
94 

.012 

83 

.012 

90 

.012 
100 

.014 88 

.014 

96 

.014 

105 

.016 
93 

.016 
100 

.016 
no 

.018 

96 

.018 

104 

.018 

114 

.020 100 .020 

107 

.020 

118 

.030 

114 

.030 122 
.030 

132 
.040 

124 

.040 
132 

.040 

142 .050 131 
.050 

139 

.050 
150 

Furthermore,  it  may  be  recorded  that  alternative  somewhat 

simplified  forms  of  Professor.  Hatt's  expression  M  =  bh-  (fV  f,,  x--|- 
p  fg  (u — x)  )  for  the  moment  of  resistance  of  a  steel-concrete  beam 
ignoring  the  tensile  strength  of  the  concrete  are  M  ̂ :  bh-  X  P 

f^  (u— |x)  and  M  =  bh^  X  S  f ̂  x  (u— fx).  The  coefficients  of  bh^ 
in  these  three  equations  are  the  K  of  the  preceding.  The  first  one 

containing  both  f^  and  f ̂  requires  the  insertion  of  consistent  values 
for  these  two  terms,  and  is  hence  awkward  for  use.  Either  of 

the  last  two  is  free  from  this  difficulty, — working  values  can  be  sub- 

'^Railroad  Gazette,  IMarch   13,  1903,  p.   ic 
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stituted  at  will  for  f  and  c.  Of  course  the  one  giving  the  smaller 

value  of  ]M  is  the  one  to  be  used  in  any  case.  The  values  of  K  tab- 
ulated above  are.  as  above  explained,  the  values  of  these  coefficients 

which  will  give  these  decisive  values  of  J\I. 

The  foregoing  is  the  basis  of  determination  of  the  cross-sec- 
tion of  the  girder  and  of  the  steel  in  the  tension  flange.  The 

vertical  reinforcement  was  given  no  less  consideration.  The  recom- 

mendation of  the  French  authority  Christophe*  not  to  permit  beams 

in  which  the  average  vertical  unit-shear  oversteps  14  to  30  pounds 

per  square  inch  to  go  without  vertical  reinforcement  of  steel,  sup- 
ported as  it  was  by  experimentsf  by  the  writer,  was  adopted. 

Accordingly,  stirrups  or  frames  made  of  Ransome  rods  were 

used  in  all  girders  where  the  shear  exceeded  about  20  pounds  per 

square  inch.  These  stirrups  were  made  of  two  and  in  some  cases 

three  U's  (PI.  II),  bent  and  wired  together  to  templet.  By  being 
accurately  made,  they  aided  in  the  correct  distribution  of  the  lower 

flange  rods.  The  stirrups  so  made  were  put  in  a  plane  transverse 

to  the  girder  (PI.  II),  usually  vertical,  and  cross-sectioned  and 
spaced  so  that  at  intervals  along  the  beam  not  exceeding  the 

depth  of  the  beam  there  was  a  sufficient  cross-section  of  stirrup  to 
take  up  in  tension  enough  of  the  vertical  shear  to  leave  a  balance 

which,  divided  by  the  gross  cross-section  of  the  girder,  would 
amount  to  not  exceeding  25  pounds  per  square  inch.  In  some  of 

the  smaller  girders  and  in  critical  points  in  the  largest  ones  the 

stirrups  could  take  up  the  whole  of  the  shear  without  overstepping 

16,000  pounds  per  square  inch  in  the  steel.  Care  was  taken  in  all 

cases  to  see  that  the  stirrups  had  sufficient  anchorage  above  and 

below  the  middle  of  the  girder  to  develop  their  tensile  strength 

without  danger  of  pulling  through  the  concrete.  As  a  further  pre- 
caution in  this  line,  the  rods  at  the  open  ends  of  the  stirrups  were 

bent  at  right  angles  (PL  II).  These  vertical  frames  or  stirrups 

suggest  the  verticals  of  a  Howe  truss,  the  intermediate  concrete 

furnishing  the  diagonal  compression  members  completing  the 

analogy  with  such  a  truss.  The  analogy  is  with  a  double  or 

multiple  intersection  truss  if  the  stirrups  appear  at  intervals  of 

less  than  the  depth  of  the  girder.  Another  analogy  is  with  the 

stiiifeners  of  a  plate  girder,  the  stirrups  of  the  concrete  girder 

supplementing  deficient  tensile  strength  just  as  the  stiffeners  sup- 
plement deficient  compressive  strength.  As  with  stiffeners,  the 

mo=t  efficient  position,  ether  things  being  equal,  would  be  at  an 

*Christophe:  Le  Beton  Atnne,  2d  Ed.,  p.  635. 
t  See  Appendix. 
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inclination  of  45  degrees,  and,  as  with  stififeners,  there  arc  objec- 

tions to  their  being  set  otherwise  than  vertical,  especially  when  inde- 
pendent pieces  of  metal  form  the  flange  tension  rods. 

The  steel-concrete  beam  work  included  simple  girders,  24  feet 
9  inches  in  span,  with  sections  16  x  47  inches,,  18  x  45  inches,  22 
X  60  inches  (PI.  II),  and  24  x  60  inches,  and  (Pis.  Ill  and  IV) 

two  systems  of  curved  (radius  190  feet)  cantilever  girders  in 

row  D  with  sections  18  x  45  inches  and  24  x  60  inches  respec- 
tively. The  cantilever  system  permitted  the  retention  of  the  same 

cross-section  throughout  the  curve  in  this  line  of  girders  as  was 
used  on  the  tangent,  and  to  some  extent  counterbalanced  the  rotary 
effect  of  the  curvature  of  the  girder.  The  ends  of  cantilevers  and 
of  suspended  spans  being  critical  points  subject  to  very  severe 
shear,  they  were  stepped  so  as  to  reduce  the  effective  concrete  area 
as  little  as  possible  and  armored  with  special  care.  The  stirrups 

used  here  were  of  special  construction,  placed  in  an  inclined  posi- 
tion, and  were  designed  to  resist  the  whole  vertical  shear. 
The  cantilever  ends  tend  to  act  as  joints  at  which  the  shrinkage 

stresses  are  relieved.  The  first  suspended  span  to  be  built  short- 
ened in  hardening  and  slipped  on  the  treads  of  one  of  the  stepped 

ends  so  as  to  show  a  crack  throughout  the  extent  of  the  risers  of 
the  joint,  and  in  slipping  spalled  the  corners  of  the  steps  slightly. 

After  this,  four  i-inch  rods  were  put  in  at  mid'-height  of  the  girder 
and  lengthwise  with  it,  crossing  the  joint  and  extending  into  both 
the  cantilever  end  and  suspended  span  far  enough  to  develop  the 
strength  of  the  rods  with  a  view  to  prevent  this  slipping,  and,  so 
far  as  seen,  the  result  has  been  a  success.  Shrinkage  joints  are 

thus  kept  about  115  feet  apart  in  this  line.  At  the  ends  of  these 
intervals  are  opportunities  for  shrinkage  to  take  place  harmlessly. 
Besides  using  the  rods,  the  steps  were  finished  off  with  a  troweled 
surface  truly  level,  so  as  to  leave  things  in  shape  for  a  harmless 
slip  should  the  rods  prove  ineffective.  It  was  at  one  time  planned 

to  use  two  quarter-inch  steel  plates  lubricated  with  graphite  at  each 
of  these  treads  to  facilitate  sliding  and  to  prevent  spalling,  but 
it  did  not  finally  seem  necessary  to  go  to  such  a  length. 

These  lines  of  cantilever  girders  were  subject  to  a  very  com- 
plex set  of  loads  and  were  much  cut  up  by  promenade  floor  beams 

and  passageways  for  stairs.  The  girders  in  row  C,  on  the  curve 

(Fig.  3  and  PI.  II),  were  all  straight — a  series  of  chords — but  they 
support  the  ends  of  trusses  and  are  hence  much  larger  than  the 
girders  of  the  same  row  on  the  tangent,  their  section  being  22  x  60 
inches  as  against  16  x  47  inches. 

The  promenade  floors  were  made  of  slabs  of  inverted  trough 
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-biG.  7.     Casting  a  Seat  Slab. 

Fig.  8.     Method  of  handling  Seat  Slabs  in  Setting. 
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section  (Pis.  II,  III  and  R)  about  8  feet  3  inches  wide  and  some  20 

feet  in  span,  cast  alternately  in  place,  thus  providing  shrinkage 

joints  at  the  edge  of  every  slab;  the  thickness  of  the  body  of  the 

slab  is  4I  inches,  exclusive  of  the  granolithic  finish,  and  the  flanges 

are  6x18,  making  practically  a  4^-inch  flat  floor  resting  on  12  x  18 
joists  8  feet  3  inches  on  centers  and  17  feet  in  span. 

The  seat  slabs  are  a  series  of   I  s  set  up  so  as  to  form  a  flight 

of  treads  and  risers  (Fig.  6  and  PI.  I).  They  are  of  crusher-dust 

concrete  (poured  at  a  consistency  of  cream)  reinforced  by  a  half- 
inch  rod  at  the  base  of  each  riser  and  electrically  welded  steel  wire 

netting  with  rectangular  mesh  furnishing  straight  wires  0.162  inches 

in  diameter.  5  inches  on  centers  running  across  the  treads  and  up 

the  risers.  The  wires  running  the  other  way  are  somewhat  smaller 

and  closer  together.  In  the  treads  this  netting  furnishes  the  ordi- 
nary tensile  reinforcement  for  the  span  from  riser  to  riser,  besides 

hanging  one  edge  of  the  tread  to  the  base  of  the  riser,  and  in  the 

risers  it  furnished  vertical  reinforcement  against  shear,  for  the 

risers  constituted  a  series  of  joists  running  from  one  steel  beam  to 

the  next,  the  span  being  usually  8  feet  3  inches.  Fig.  7  is  a  view 

of  the  sand  casting  process.  In  the  foreground  is  seen  the  method 

of  supporting  the  reinforcement  while  the  mold  is  filled.  At  the 

right  is  a  similar  mold  filled  with  hardening  concrete. 

These  slabs  were  cast  in  small  units  of  about  eight  cubic  feet 

each  to  facilitate  handling  and  to  provide  amply  against  shrinkage 

cracks.  They  were  some  4800  in  number,  and,  including  those  on 

the  curves,  required  ninety-five  different  patterns,  counting  rights 

and  lefts  as  alike,  and  in  many  cases  counting  as  alike  such  pat- 
terns as  varied  only  slightly  in  length.  On  the  semicircle  they 

were  made  curved,  but  a  constant  radius  was  used  for  all,  regard- 
less of  their  distance  from  the  cejiter.  The  true  radii  would  have 

had  thirty-Oxie  different  values,  ranging  from  115  to  189  feet,  but 
166  feet  8  inches  was  chosen  as  a  convenient  mean  to  use  for  them 

all. 

The  handling  which  all  these  slabs  underwent  in  storing  and 

placing  formed  an  automatic  system  of  testing,  which  was  con- 
sidered a  distinct  advantage  of  the  method  of  manufacture.  They 

were  cast  with  one-eighth-inch  allowance  for  end  joints,  but  the 

sand  casting  proving  to  be  a  less  accurate  process  than  was  ex- 
pected, more  or  less  picking  and  clipping  had  to  be  resorted  to  in 

setting  them.  An  additional  and  probably  more  important  cause  for 

such  modifications  was  inaccuracy  in  the  steel-setting.  Fig.  8 
shows  in  detail  the  method  used  for  grappling  the  slabs  for  hoisting 

and  setting. 
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The  treads  of  these  slabs  are  an  ilhtstration  of  concrete  rein- 

forced with  a  small  percentage  of  steel  and  accordingly  rated  for 
ctrength  from  the  point  of  view  of  the  steel.  This  strength  is 
ample  almost  to  excess,  even  with  this  small  allowance  of  steel, 
yet  thinner  sections  of  concrete  were  not  seriously  considered, 
three  and  a  quarter  inches  on  the  average  being  adjudged  a  suitable 
minimum  from  the  point  of  view  of  resistance  to  abrasion,  shocks, 
etc.,  and  the  omission  of  the  steel  netting  altogether  was,  of  course, 

not  seriously  entertained — even  though  the  concrete  might,  by 
counting  on  its  tensile  strength,  be  figured  out  as  strong  enough. 

WALLS  AND   PARAPETS. 

The  special  problem  in  the  design  of  the  walls  and  parapets 
which  will  be  considered  here  is  how  best  to  provide  for  shrinking 

so  as  to  minimize  the  evil  of  cracking  from  this  cause  or  from  tem- 
perature changes.  One  way  is  frankly  to  leave  joints  at  short  inter- 

vals free  to  open,  using  steel  reinforcements  between  these  joints 
to  compel  all  the  cracking  effect  to  appear,  if  at  all,  at  the  joints 
left.  These  joints  are  supposed  to  open  in  tolerably  straight,  clean 
cracks,  less  unsightly  than  random  cracks  would  be.  They  are 
unsightly  enough,  however,  and  it  is  difficult  to  make  the  cracks 
turn  out  as  straight  as  expected.  There  is,  therefore,  a  strong 
incentive  to  resort  to  the  other  method  of  treatment  and  attempt  to 
present  all  cracks  from  temperature  and  shrinkage  changes  by  the 

aid  of  proper  reinforcement  with  steel.  M.  Considere's  experiments 
afford  a  rational  basis  for  expecting  success  from  such  a  venture, 
reinforced  concrete  having  been  shown  by  him  to  be  capable  of 
stretching,  without  showing  cracks,  to  an  extent  far  greater  than 

that  of  plain  concrete.  Mr.  A.  L.  Johnson  reports*  actual  success  in 

building  a  concrete  wall  300  feet"  long,  8  inches  thick  and  exposed 
on  both  sides  to  the  weather,  without  any  joints,  and  with  no  cracks 
appearing  in  the  first  year,  or  up  to  the  time  of  his  report 

In  the  outside  wall  of  row  E  of  the  Stadium  there  was  nothing 
else  to  do  but  to  depend  upon  steel  reinforcements  to  prevent 

shrinkage  cracks.  It  was  a  place  where  cracks  of  any  kind  w^ould 
be  most  objectionable.  Expansion  joints  were  left  at  intervals  of 
16^  feet,  as  in  the  front  parapet,  but  they  had  to  be  placed  over 

the  center  of  the  piers,  in  spite  of  its  being  realized  that  the  fric- 

tion from  the  weight  of  the  superimposed  mass  would'  probably 
prevent  all  sliding,  and  thus  prevent  such  joints  from  being  effec- 

tive.   The  amount  of  shrinkage  to  be  expected  in  setting,  or  cool- 

'^  Railroad  Gazette,  March  13,  1903,  p.  183. 
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ing  to  the  minimum  temperature,  was  estimated  not  to  exceed 

about  0.0005  to  0.0006  of  the  length.  Professor  Hatt  found*  that 
1:2:4  concrete  with  i  per  cent,  reinforcement  would  stretch 

0.00088  before  cracking.  Considere  and  A.  L.  Johnson  lead  us  to 

suppose  that  this  stretch  may  be  considerably  more.  At  any  rate, 

the  margin  seemed  sufficient,  and  as  the  two  faces  of  the  wall  in 

question  were  only  4  inches  thick,  i  per  cent,  reinforcement  was 

quite  feasible — only  a  half-inch  rod  every  six  inches  being  required 

— and  was  adopted  (PI.  \'b).  Thus  far,  after  several  months  from 
the  completion  of  the  first  of  this  work,  neither  crack  nor  opening  of 

the  joints  in  the  whole  extent  of  the  two  lines  of  nearly  1400  linear 

feet  each  (with  one  or  two  insignificant  exceptions)  has  come  to 

the  writer's  notice.  The  joints  not  opening  show  that  the  concrete 
between  them  must  have  stretched  as  expected.  The  results  of  the 

winter's  exposure  are  looked  forward  to  with  much  interest. 
The  front  parapet  was  executed  upon  the  principle  first  men- 

tioned, shrinkage  joints  being  left  every  16^  feet,  which  opened 

perceptibly  immediately  upon  the  hardening  of  the  concrete,  and 

now  constitute  open  joints  sometimes  a  sixteenth  of  an  inch  in 

width,  changing  as  the  temperature  rises  and  falls. 

The  experience  with  the  back  wall  being  reassuring,  and  the 

tying  together  of  row  D  into  continuous  sections  of  about  115  feet 

each  causing  no  harm,  it  was  determined  to  apply  the  same  prin- 
ciple to  the  broad  expanse  of  the  end  walls,  which  forms  the  finish  at 

the  tips  of  the  U  (Figs,  i,  2,  and  PI.  \a).  These  walls  are  some  75 

feet  long  and  from  9  to  50  feet  high.  The}-  are  in  the  main  mere 
curtain  walls  only  4  inches  thick,  supported  by  a  scries  of  columns 

with  which  they  are  monolithic.  These  walls  are  armored  freely 

with  quarter-inch  rods — less  care  being  taken  to  keep  the  per- 
centage up  to  I  per  cent,  than  was  observed  in  the  back  wall,  the 

smaller  area  involved  being  regarded  as  justification  for  venturing 

below  the  i  per  cent.  These  walls  have  now  been  stripped  several 

weeks,  and  so  far  no  cracks  in  them  have  come  to  the  writer's  notice. 
Fig.  9  shows  the  centering  for  one  of  these  end  walls,  also  the 

mold  for  one  of  the  row  C  girders  and  in  the  distance  many  finished 

seat  slabs  on  the  ground  ready  for  hoisting  and  setting. 

It  was  seen,  as  the  work  progressed,  that  the  completion  of  the 

Stadium  with  all  the  architectural  ornaments  before  the  Yale  game 

was  out  of  the  question,  but  work  was  pushed  on  the  parts  essen- 
tial for  carrying  the  seats,  and  by  the  use  of  temporary  wood  work 

instead  of  concrete  slabs  on  the  steel  beams  of  a  portion  of  the 

*  Engineering  News,  July  17,  1902,  p.  55. 
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structure,  the  whole  seatinjT;'  surface  was  ready  for  use  some  davs 
l)efore  the  Yale  game,  and  on  the  day  of  that  game,  five  months 

and  two  days  from  the  setting  of  the  first  batterboards,  and  less 

than  five  months  from  the  turning  of  the  first  shovelful  of  earth, 

the  Stadium  was  occupied  comfortably  to  its  full  final  capacit\-. 
It  is  expected  that  the  work  will  be  taken  up  anew  in  the  spring 

and  pushed  rapidly  to  completion.  As  will  be  seen  by  comparing 

Figs.  I  and  2  and  PI.  I,  a  prominent  part  of  the  work  still  to  be  done 

is  the  construction  of  the  colonnade  along  the  top  of  row  D,  and  the 

roof  of  the  top  promenade. 

APPENDIX. 

Fig.  10  shows  beams  I  (and  2),  III,  VIII  and  IX  after  being 

broken  in  a  series  of  tests  last  spring  and  referred  to  in  the  preced- 
ing paper  as  illustrative  of  the  relative  behavior  of  beams  with  and 

without  vertical   reinforcement.      Beam   I,   with   only  longitudinal 

reinforcement,  was  tested  in  conjunction  with  a  beam  (2)  of     1 

section  in  a  way  to  make  it  of  interest  here  as  showing  the  curved 

break,  repeated  more  perfectly  in  III  and  partly  approximated  in 

VIII.  This  curve  approximates  the  curve  of  maximum  internal 

tension  with  remarkable  closeness — a  result  due,  no  doubt,  to  the 
high  degree  of  homogeneity  attained  by  the  very  fine  and  graded 

aggregate.  This  curve  shows  pretty  clearly  that  failure  by  shear 

is  closely  associated  with  failure  by  tension  of  the  concrete. 

The  methods  of  loading  and  supporting  the  last  three  beams 

are  shown  in  the  figure. 
Beams  III  and  VIII  failed  in  the  manner  shown,  with  the  end 

shear  at  1 1 1  and  100  pounds  per  square  inch,  respectively.  Beam 

IX  at  failure  in  a  totally  different  manner  was  resisting  a  shear  of 

132  pounds  per  square  inch  with  no  signs  of  failure  by  tension  above 

the  reinforcing  rod  or  shear.  Beams  VIII  and  IX  differed  in  no 

respect  save  that  the  latter  had  vertical  reinforcement  and  the  former 

had  not;  and  both  being  cast  from  a  mixture  of  cream-like  consist- 
ency, it  seemed  fair  to  infer  from  this  pair  of  beams  that  a  shear  of 

50  to  80  pounds  per  square  inch  sometimes  spoken  of  as  allowable 

without  reinforcement,  in  ordinary  concrete  was  higher  than  it  was 

safe  to  permit  in  this  structure.  It  should  be  noted,  moreover,  that 

the  first  crack  in  the  vertically  reinforced  beam  did  not  appear  till 

the  load  was  2540,  while  in  VIII  it  appeared  at  1500.  Undoubt- 
edly more  experiments  should  be  made  along  this  line,  but  in  lack 

of  such  these  two  beams  were  taken  to  indicate  the  desirability  of 

the  reinforcement.    The  concrete  was  rich  (one  part  cement  to  two 
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and  one-half  parts  crusher-dust),  of  fair  age  and,  being  cast  from  a 

fluid  mixture  in  a  sand  mold,  there  was  little  likelihood  of  impor- 
tant variation  in  the  quality  of  the  concrete. 

DISCUSSION.* 

Prof.  Charles  L.  Xorton.  [Massachusetts  Institute  of  Tech- 

nology.— Since  the  publication  of  Report  No.  IV  of  the  Insurance 
Engineering  Experiment  Station,  in  which  was  given  an  account  of 

some  laboratory  experiments  which  showed  the  great  degree  of  pro- 
tection afforded  structural  steel  by  Portland  cement  concretes,  the 

experiments  have  been  carried  on  continuously. 

All  the  early  tests  which  were  carried  out  on  perfectly  clean 

steel  have  now  been  repeated  on  specimens  in  all  degrees  of  initial 

corrosion,  with  the  same  results  as  shown  in  the  case  of  the  chemi- 

cally clean  steel.  Doubt  existed  in  the  niinds  of  some  engineers  as 

to  whether  the  results  as  found  with  clean  steel  would  apply  to 

rusty  or  dirty  steel.  The  method  adopted  in  the  early  test  was  to 

imbed  the  specimens  in  blocks  of  concrete  about  3x3x8  inches, 

allow  them  to  set  under  ordinary  conditions  and  then  expose  them 

to  changing  conditions  of  warmth,  moisture  and  to  carbon  dioxide, 

with  traces  of  sulphurous  gases  and  ammonia.  Under  these  condi- 
tions unprotected  steel  vanished  into  a  streak  of  rust,  but  protected 

by  an  inch  or  more  of  sound  Portland  cement  concrete  the  clean 

steel  was  absolutely  unchanged.  We  can  now  state  further,  that 

thi^  same  protection  is  afforded  any  ordinary  structural  steel  of  that 

degree  of  cleanliness  likely  to  be  found  in  use  for  building. 

The  origin  of  many  of  the  specimens  was  rather  obscure,  as  the 

more  corroded  ones  were  taken  from  scrap  heaps  of  steel  works, 

many  having  been  exposed  to  the  weather  for  several  years.  Some 

had  been  in  buildings  as  part  of  the  structure,  some  in  salt  water, 

some  in  fresh  water,  some  in  damp  ground  and  the  rest  exposed  to 

air  under  various  conditions  of  dampness.  The  degree-  of  rust  on 
the  specimens  varied  greatly,  from  a  light  yellowish  stain  to  a  scale 

more  than  J-  inch  in  thickness. 

The  specimens  were  first  cut  to  a  size  such  that  their  length 

was  not  far  from  3  inches  and  their  width  about  i  inch.  They  were 

of  all  thicknesses  from  -^^  inch  to  i^  inches.  Some  were  cut  dry, 
some  in  water,  some  with  the  mill  fed  with  oil,  and  some  of  those 

cut  with  oil  were  cleaned  with  gasoline  and  others  with  alkaline 

solutions,  while  a  third  part  was  left  more  or  less  oily.     It  was 

*  Manuscript  received  April    i,   1904. — Secretary,   Ass'n   of   Enpr.   Socs. 33 



310  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

intended  that  the  specimens  should  inckide  everything  met  with  in 
regular  practice. 

Each  specimen  was  stamped  and  the  blows  of  the  steel  stamp 
were  sufficient  to  loosen  any  rust  or  scale  that  was  not  firmly  at^ 
tached,  and  a  vigorous  brushing  with  a  soft  wire  brush  removed 

an}^  loose  dust.  Each  piece  was  next  weighed,  and  then  calipered 
at  several  points,  and  incorporated  in  a  block,  or  brick,  of  concrete, 

sufficiently  large  to  cover  it  everywhere  to  a  depth  of  i^-  inches. 
The  mixture  was  one  part  cement,  two  and  one-half  parts  sand  and 
five  parts  broken  stone  in  some  cases,  and  one  part  cement,  three 
parts  sand  and  six  parts  cinders  in  others.  The  cements  used  were 

Alpha,  Lehigh  and  Alsen,  and  care  w^as  taken  in  selecting  the  sand 
and  stone.  The  latter  was  of  such  size  as  to  pass  a  i-inch  mesh. 

The  concretes  were  allowed  to  set  twenty- four  hours  in  air  and  seven 
days  in  water,  and  were  then  divided  into  three  groups,  one  being 

set  out-of-doors,  one  stored  in  a  damp  and  odorous  basement  under- 

ground and  the  third  being  treated  in  the  "corroders"  or  steam  and 
carbon  dioxide  tanks.  These  galvanized  iron  tanks  were  supplied 
intermittently  with  steam,  hot  water,  moist  air,  dry  air  and  quite 
continuously  with  carbon  dioxide  for  periods  of  from  one  to  three 
months.  There  were  a  number  of  specimens  which  were  further 

exposed  in  tide  water,  in  sewers,  over  furnaces,  with  constant  con- 
tact of  furnace  gases. 
After  varying  lapses  of  time  from  one  to  three  months  for  the 

specimens  in  the  "corroders,"  and  from  one  to  nine  for  the  others, 
the  specimens  were  broken  out  of  the  briquettes,  cleaned  by  brush- 

ing and  weighed  and  calipered.  Not  one  specimen  had  shown  any 
sensible  change  in  weight  or  dimension,  except  where  the  concrete 
had  been  poorly  applied.  Some  specimens  were  purposely  bedded 
in  very  dry  concrete,  and  some  in  concrete  partly  set,  and  many  of 
these  were  not  well  covered  and  the  steel  was  seriously  attacked 
where  there  were  voids  or  cracks.  Of  the  hundreds  of  specimens  of 
rusty  steel  examined  not  one  which  had  a  continuous,  unbroken 
coating  of  concrete  gained  or  lost  anything  in  volume  or  weight 
by  treatment  which  caused  the  practical  destruction  of  some  of  the 

unprotected  specimens.  If  loss  by  corrosion  as  great  as  joVo"  o^  ̂ ^^ 
loss  occurring  with  the  unprotected  specimens  had  been  experienced 
in  the  case  of  the  protected  pieces  it  would  have  readily  been  noted. 

It  would  therefore  seem  that  if  we  admit  that  from  a  severe 

trial  of  a  short  duration  we  may  judge  relatively  of  the  effects  of 
the  less  severe  but  longer  test  of  time,  it  cannot  be  questioned  that 
structural  steel  is  safe  from  corrosion  if  incased  in  a  sound  sheet  of 

good  concrete,  at  least  for  a  period  of  years  so  long  as  to  make  the 
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subject  of  more  interest  to  our  great-grandchildren's  children  than 
to  us.  A\'e  know  that  bare  steel  does  not  rust  and  fall  down  over 
night,  and  that  much  of  the  steel  standing  has  been  bare  of  every- 

thing that  could  protect  it,  for  long  years,  and  it  seems  to  me  beyond 

question  that  steel  properly  covered  in  concrete  may  well  be  ex- 
pected to  last  far  longer  than  the  changes  in  our  cities  will  allow 

any  building  to  remain. 

There  is  one  limitation  to  the  whole  question,  that  is  the  possi- 
bility of  getting  the  steel  properly  incased  in  concrete.  Many  engi- 
neers will  have  nothing  to  do  with  concrete  because  of  the  diffi- 

culty in  getting  "sound"  work.  This  is  especially  true  of  cinder- 
concrete,  where  the  porous  nature  of  the  cinders  has  led  to  much 

dry  concrete  and  many  voids  and  much  corrosion.  I  feel  that 

nothing  in  this  whole  subject  has  been  more  misunderstood  than  the 

action  of  cinder-concrete.  We  usually  hear  that  it  contains  much 
sulphur  and  this  causes  corrosion.  Sulphur  might,  if  present,  were 
it  not  for  the  presence  of  the  strongly  alkaline  cement ;  but  with  that 
present  the  corrosion  of  steel  by  the  sulphur  of  cinders  in  a  sound 

Portland  concrete  is  the  veriest  myth,  and  as  a  matter  of  fact  the 

ordinary  cinders,  classed  as  steam  cinders,  contain  only  a  very  small 

amount  of  sulphur.  There  can  be  no  question  that  cinder-concrete 
has  rusted  great  quantities  of  steel,  not  because  of  its  sulphur, 
but  because  it  was  mixed  too  dry,  through  the  action  of  the  cinders 
in  absorbing  moisture,  and  that  it  contained,  therefore,  voids ;  and, 
secondly,  because  in  addition  the  cinders  often  contain  oxide  of 

iron  which,  when  not  coated  over  with  the  cement  by  thorough  wet 
mixing,  causes  the  rusting  of  any  steel  which  it  touches. 

There  is  one  cure  and  only  one,  mix  wet  and  mix  well.  With 

this  precaution  I  would  trust  cinder-concrete  quite  as  quickly  as 
stone-concrete  in  the  matter  of  corrosion.  It  has  been  suggested 
that  steel  which  has  been  rusted  to  a  slight  depth  becomes  pro- 

tected by  this  coating  from  further  rusting.  Nothing  could  be 
further  from  the  truth.  A  large  number  of  specimens  were  rusted 
by  repeated  alternate  wetting  and  drying  to  see  if  they  finally 
reached  a  constant  condition.  Instead  of  doing  this,  they  all  showed 

an  irregular  but  persistent  loss  in  weight,  on  further  rusting,  until 
some  had  practically  been  washed  away. 

The  increasing  use  of  steel  of  small  dimension  in  floors  and 

roofs,  twisted  rods,  expanded  metal,  etc.,  has  caused  some  question 
as  to  the  advisability  of  their  use  in  view  of  the  possible  great 
effects  of  corrosion,  as  compared  with  the  effects  of  corrosion  on 
larger  members,  but  with  sound  concrete  of  a  thickness  of  about  i^ 
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inches  between  the  steel  and  the  weather  I  do  not  question  the 

durability  of  these  lighter  members. 

The  destruction  caused  to  steelwork  by  rust  is  certainly  not 

more  appalling  in  most  instances,  at  least,  than  that  caused  by 

electrolysis.  The  action  here  is  more  apt  to  be  local,  and  hence 

more  dangerous,  in  that  inspection  or  protection  of  other  parts  of  a 

structure  will  not  indicate  or  prevent  impending  disaster  to  the  one 

member  which  may  serve  as  the  point  of  departure  of  the  escaping 

electric  current.  No  satisfactory  treatment  other  than  some  sort 

of  waterproofing  has  appeared  to  be  successful,  and  study  of  this 

matter  is  going  on  at  present  in  many  places.  It  is  a  problem  for  the 

chemist  rather  than  for  the  engineer. 

The  next  step  in  this  research  is  to  find  out  in  the  same  general 

way  the  degree  of  protection  afiforded  by  paint,  and.  second,  by 

brick  and  tile  work.  This  is  now  under  way,  and  the  rapidity  with 

which  the  "corroders"  destroy  some  paints  is  such  that  a  report  on 
this  subject  may  be  looked  for  in  the  near  future. 

The  investigation  of  the  relative  efficiency  of  different  paints 

as  a  protective  coating  for  structural  steel  being  now  under  way,  it 

is  desired  that  all  kinds  of  paint  be  submitted  to  our  test  of  expo- 
sure to  varying  conditions.  To  this  end  we  invite  all  dealers  and 

manufacturers  of  paint,  for  this  purpose,  to  send  samples  to  the 

amount  of  i  gallon  to  Prof.  C.  L.  Norton,  Room  4,  Walker  Build- 
ing, Massachvisetts  Institute  of  Technology,  with  any  directions  for 

applying  the  paints  to  either  clean  or  ordinarily  rusty  steel.  The 

results  of  these  tests  will  not  be  published  without  the  consent  of 

the  persons  submitting  the  paint  to  test. 

Some  pieces  of  steel  will,  after  coating  with  the  paint  under 
test,  be  submitted  to  various  corrosive  influences ;  and  the  details  of 

the  exposure  being  such  as  will  correspond  in  nature  to  the  actual 

exposure  of  structural  steel,  but  of  an  intensified  degree,  it  is  be- 
lieved that  relative  results  may  be  arrived  at  in  a  reasonably  short 

time  in  this  way. 

Prof.  Gaetano  Lanza. — I  have  been  asked  to  tell  you  about 
some  experiments  upon  reinforced  concrete  beams  and  columns, 

made  by  some  of  my  students  at  the  Massachusetts  Institute  of 

Technology,  for  their  graduating  theses ;  and  notwithstanding  the 

fact  that  an  account  of  these  experiments  has  been  published  in 

a  recent  number  of  the  Transactions  of  the  American  Society  of  Civil 

Engineers,^  it  has  still  been  thought  worth  while  to  have  the  story 
told  here  again. 

*  Vol.  L,  pages  483  to  485,  in  diccussion  of  a  paper  by  Myron  S.  Falk, 
entitled  "Notes  on  the  Coefficient  of  Elasticity  of  Concrete  and  Mortar 
Beams  During  Flexure." 
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The  following"  is  a  list  of  the  specimens  tested,  viz :  One  plain 
concrete  beam,  8  x  12  inches  x  11  feet  span.  Twenty-six  reinforced 
concrete  beams,  8  x  12  inches  x  11  feet  span.  Fourteen  reinforced 
concrete  columns.  8x8  inches,  of  which  four  were  6  feet  long,  four 
12  feet  long  and  four  17  feet  feet  long.  Seven  reinforced  concrete 
columns,  10  x  10  inches,  of  which  two  were  6  feet  long,  four  12  feet 
long  and  one  17  feet  long.  Seven  plain  concrete  columns,  8x8 
inches  and  5  feet  long.  The  concrete  was  made  of  one  part  by 
volume  of  Portland  cement  (Star  brand),  three  parts  by  volume  of 
sharp,  clean  and  coarse  sand  from  Newburyport,  Mass.,  four  parts 
by  volume  of  trap  rock  from  Somerville.  Mass.,  which  would  pass 

a  I -inch  ring  sieve  and  two  parts  by  volume  of  the  same  kind  of  rock 
which  would  pass  a  ̂ -inch  ring  sieve;  the  quantity  of  water  used 
was  from  6  to  7^  per  cent,  by  weight.  The  steel  used  had  a  tensile 
strength  varying  from  56,000  to  63,000  pounds  per  square  inch,  and 
when  twisted  about  one-third  more. 

Before  planning  the  series  of  columns  I  read  carefully  the  work 
of  Air.  Considere,  who,  in  his  Beton  frette,  used  light  vertical  rods, 
f  of  an  inch  or  less  square,  placed  near  the  outside  of  the  columns, 
the  entire  set  of  vertical  rods  being  surrounded  by  a  wire  wound 
in  spiral  form  and  extending  throughout  the  length  of  the  column. 
The  buckling  of  the  vertical  rods  seemed  to  furnish  the  greatest 
difficulty  in  his  case,  and  such  a  result  would  naturally  be  expected, 
in  view  of  the  facts  stated  above. 

It  seemed  better,  therefore,  to  plan  this  series  differently,  no 

spiral  reinforcement  being  used  in  any  of  the  columns ;  and  ac- 
cordingly, some  of  them  were  built  with  one  reinforcing  rod,  placed 

in  the  center  of  the  section,  and  others  with  four  rods,  placed, 

respectively,  at  the  middle  points  of  the  four  half  diagonals  of 

the  section.  The  rods  in  the  8  x  8-inch  columns  terminated  ^  inch 
from  each  end  of  the  column,  while  in  the  case  of  the  10  x  lo-inch 
columns  the  ends  of  these  rods  were  flush  with  the  ends  of  the 
columns.     The  table  of  results  follows : 
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If  we  let 

P    =  total  load  on  the  column, 

A^  ̂   area  of  section  of  concrete, 
Ao  =  area  of  section  of  steel, 

E^  :=  modulus  of  elasticity  of  the  concrete, 
E,  =  modulus  of  elasticity  of  the  steel, 

f  =  Stress  per  square  inch  in  the  concrete, 

then  is  the  formula  P  ̂   f  (A^  -|-  rAo)  deduced  upon  the  as- 
sumption that  the  stress  per  square  inch  coming  on  the  steel  bears 

to  the  stress  per  square  inch  coming  on  the  concrete  the  same 
ratio  as  the  modulus  of  elasticity  of  the  steel  bears  to  the  modulus 
of  elasticity  of  the  concrete,  which  ratio  was,  in  this  case,  8.23. 

The  formula  is,  of  course,  true  only  when  the  load  is  such  as 
does  not  strain  any  portion  beyond  the  elastic  limit.  Inasmuch, 
however,  as  it  has  been  employed,  more  or  less,  to  compute  the 
breaking  load,  by  using  for  f  the  crushing  strength  per  square  inch 
of  the  concrete,  the  values  of  P  have  been  computed  from  this 

formula,  using  Eo  =  28.000,000,  E^  =  3,400,000  and  f  :=  1750 

pounds  per  square  inch,  in  order  that  the  reader  may  be  able  to  com- 
pare them  with  the  actual  breaking  loads.  A  perusal  of  the  results 

will  make  it  evident  that  a  part  of  the  load  is  borne  by  the  steel  and 

a  part  by  the  concrete. 
The  manner  of  failure  was,  generally,  crushing  at  the  ends, 

only  two  having  failed  by  buckling,  one  of  which  was  12  feet  long 
and  one  17  feet  long.    Sometimes  the  ends  sheared  diagonally. 

The  fractures  of  Nos.  3,  10  and  11  are  shown  in  the  cuts. 
In  the  case  of  the  beams,  the  steel  rods  extended  longitudinally 

throughout  their  lengths,  those  in  the  lower  part  having  the  centers 

of  their  cross-sections  at  the  ends  of  the  beams,  2  inches  from  the 
bottom,  with  a  sag  at  the  middle  from  ̂   to^^  inch,  except  in  beams 
Xos.  12,  13  and  14,  where  the  lower  rods  were  2^  inches  from  the 
bottom,  at  the  ends,  with  a  sag  of  from  f  to  ̂   inch.  In  beams  Nos. 
12  and  13  there  were,  on  each  side  of  the  middle,  eight  pieces  of 

^-inch  twisted  wire  bent  in  the  |   |  form  inclosing  the  rods.    In  beam 
Xo.  12  these  I   j  shaped  pieces  were  inclined  at  45  degrees  to  the 
depth  of  the  beam,  whereas  in  beam  No.  13  they  were  vertical.  In 

beam  Xo.  14  the  wire  pieces  were  in  the  form  of  a  rectangle  inclos- 
ing all  four  rods. 

Beams  Xos.  26  and  27  each  contained,  in  addition  to  their  rein- 

forcing rods,  a  vertical  layer  of  expanded  metal,  extending  through- 
out their  length  and  height. 
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The  tests  of  these  five  beams  were  made  at  the  suggestion  of 

Mr.  L.  C.  Wason,  for  the  purpose  of  studying  the  effect  of  these 

different  arrangements  upon  the  apparent  tendency  of  the  beams  to 

break  by  longitudinal  shearing.  See  table  of  results  on  following, 

page. 
All  the  fractures  except  Nos.  i,  2,  3,  4,  19,  20  and  21  were  of 

the  following  general  character,  viz:  a  longitudinal  shearing  break, 

at,  or  a  little  above,  the  reinforcing  bar,  and,  in  addition,  a  break 

extending  diagonally  (often  at  an  inclination  of  about  45  degrees) 

upward  toward  the  center.  The  point  where  this  diagonal  break 

joined  the  top  of  the  beam  was  sometimes  at  the  point  of  application 
of  the  load  and  sometimes  near  it. 

The  fractures  of  Nos.  18,  25  and  26  are  shown  in  the  cuts. 

I  do  not  intend  to  discuss  the  various  methods  proposed  for 

calculating  the  strength  of  such  beams,  and  it  seems  to  me  that 

before  we  can  feel  sure  of  the  assumptions  made  in  deducing  them 

we  need  to  prove  or  disprove  them  experimentally. 

While  I  have  been  interested  in  hearing  Professor  Johnson 

describe  the  methods  pursued  by  him,  i.  e.,  those  of  Professor  Hatt. 

I  will  only  say  that  while  Professor  Hatt  claims  that  the  modulus 

of  elasticit}^  for  tension  of  concrete  is  one-half  that  for  compression, 
more  conclusive  experiments  will  be  necessary  before  I  can  feel 
sure  of  the  correctness  of  this  conclusion. 

Indeed,  the  determination  of  the  modulus  of  elasticity  of  con- 
crete in  tension  presents  a  great  deal  of  difficulty,  but  it  forms  a 

most  important  factor  in  any  determination  of  the  proper  mode  of 

calculating  the  strength  of  such  beams. 

Many  methods  are  proposed  by  different  people  for  inserting 

steel  pieces  in  such  a  way  as  to  prevent  the  kind  of  fracture  most 

common  in  such  beams  and  which  has  been  already  described. 
Of  the  methods  tried  in  these  series  of  beams  none  seems  to  have 

prevented  the  above-stated  method  of  fracture,  and  hence  I  feel  very 
doubtful  about  accepting  any  proposed  method  as  effective  unless 

it  has  been  proved  to  be  so  by  experiments  made  on  a  full-size  scale. 
It  should  be  added  that  the  planning  of  the  series  and  the  work 

of  testing  and  figuring  up  the  results  was  performed,  under  the 

writer's  direction,  by  the  following  gentlemen  for  their  graduating 
theses,  viz:  Mr.  Edward  Seaver,  "01,  on  beams;  Messrs.  G.  M. 
Harris  and  G.  B.  Wood,  03,  on  columns,  and  Messrs.  W.  H.  Adams 

and  I.  F.  Atwood,  '03,  on  beams.  Moreover,  these  series  of  tests 
were  rendered  possible  through  the  kindness  of  Mr.  L.  C.  Wason, 

'91,  President  of  the  Aberthaw  Construction  Company,  who  fur- 
nished all  the  materials  and  built  all  the  specimens. 
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Prof.  Arthur  W.  French,  Worcester  Polytechnic  Institute. — 

In  planning  a  concrete-steel  building,  before  reaching  the  details, 

careful  consideration  of  the  peculiarities  of  concrete-steel  combina- 
tions may  well  decide  many  important  features  in  the  layout  of 

walls,  columns  and  beams. 

With  the  available  space  below  the  seats  of  the  Stadium,  it  may 

be  a  question  whether  the  girders  of  24  feet  9  inches  span,  carrying 

heavy  concentrated  loads,  might  economically  have  been  replaced 

by  shorter  spans  and  a  greater  number  of  columns. 

I  can  but  feel  a  bit  of  regret  that  such  a  monumental  structure 

was  not  planned  to  avoid  all  exposed  structural  steel,  and  that  rein- 
forced concrete,  which  forms  so  large  a  part  of  the  Stadium,  was  not 

used  exclusively. 

The  first  thing  that  strikes  one  as  peculiar  in  the  construction 
of  concrete  work  is  the  fact  that  the  structure  cannot  be  built  as  a 

monolith ;  that  it  is  cut  up,  as  Professor  Johnson  has  shown — cut  up 
into  sections  to  provide  for  expansion  and  for  possible  cracks.  This 

leads  to  many  complications.  The  day's  work  is  stopped  at  places 
where,  on  the  plans,  it  would  look  as  though  filling  up  with  con- 

crete might  go  on ;  the  day's  work  at  certain  points  is  limited,  and 
the  work  must  be  spread  over  considerable  areas.  If  we  dared  to 

build  such  structures  without  joints  it  would  greatly  simplify  the 
matter. 

The  spacing  of  the  steel  in  the  columns  offers  some  difficulties, 

especially  with  the  hoops.  The  four  rods  in  the  corners  of  the  col- 
umns, without  the  hoops,  are  very  easy  to  keep  in  place,  and  to  keep 

exactly  at  the  right  distance  from  the  corner. 

The  minute  the  hoops  are  introduced  we  must  have  a  free 

chance,  from  the  top  to  the  bottom,  to  drop  the  hoop  over  the  four 

corner  rods,  and  it  was  with  some  fear  of  having  them  show  through 

the  concrete  that  I  placed  them  as  shown.  However,  I  think  none 

of  them  have  shown  through.  The  packing  of  the  steel  in  the  beams 

has  been  well  illustrated ;  and  the  introduction  of  stay  rods,  for  the 

purpose  of  taking  up  the  shearing,  adds  to  the  difficulties  of  placing 
the  concrete. 

One  feature  of  the  concreting,  very  pleasing  to  me,  was  the 

agreement,  between  Professor  Johnson  and  the  Aberthaw  Company, 

as  to  the  consistency  of  the  concrete.  Being  a  firm  believer  in  wet 

concrete,  I  was  delighted  to  have  a  chance  to  use  it. 

Those  columns,  14,  16  and  24  inches  square  and  25  feet  in 

height,  we  found  it  would  be  impracticable  to  fill,  except  from  one 

stage  at  the  top.  If  that  concrete  had  been  put  in  dry,  or  of  the 

consistency  advocated  by  some  in  the  past,  it  would  have  been  diffi- 
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cult  to  produce  smooth  or  solid  work.  It  was  put  in  wet  enough  to 

spade  easily  into  place,  the  spades  being  worked  continuously,  usu- 
ally by  two  men.  I  think  those  of  you  who  have  seen  the  work 

have  noticed  that  it  shows  full,  without  voids.  Experiments  show 
that  it  is  equally  solid  throughout. 

As  to  the  effect  of  consistency  upon  the  strength  of  the  con- 
crete, there  may  be  a  difference  of  opinion,  I  believe  that,  after  a 

lapse  of  time,  it  will  compare  favorably  with  any  drier  mixture. 

The  work  at  the  Stadium  was  a  summer's  vacation  for  me, 
and  one  leading  to  very  pleasant  connections  with  the  super- 

visors and  those  in  charge  at  Harvard.  My  particular  interest 
was  in  the  study  how  to  place  that  work.  The  plan  adopted  was, 
I  think,  fairly  satisfactory,  as  shown  by  the  time  taken  to  bring  the 

work  to  such  a  state  of  completion  that  it  could  be  used.  The  struc- 
ture is  50  to  60  feet  in  height,  and  has  various  heights.  Except 

the  1 6- foot  promenades  there  were  no  level  landings  upon  which  to 
place  derricks,  and  the  first  question  was  to  design  the  handling 
plant.  We  adopted  towers  and  cableways,  as  you  noticed  on  the 
slides.  They  have  their  limitations,  but,  on  the  whole,  were  fairly 
satisfactory.  The  towers  were  rolled  along  on  tracks  and  placed 
wherever  the  cables  could  be  used  to  the  best  advantage.  The 
casting  floor  of  the  foundry  was  served  with  cranes  and  railroad 
tracks,  as  was  clearly  shown. 

The  subject  of  concreting  w^ith  steel  reinforcement  may  be 
made  too  complicated,  so  far  as  theory  goes.  I  am  perhaps  not 
competent  to  judge,  but  it  seems  to  me  the  design  of  the  section  of 
a  beam  will  be  changed.  The  variations  in  the  modulus  of  elasticity 
in  concrete  prohibits  any  fine  computation  of  sections,  and  I  believe 

it  W'ill  be,  as  Professor  Johnson  has  shown,  so  simplified  that  any 
engineer  will  pick  out  his  concrete-steel  beams  with  something  of 
the  confidence  he  feels  in  choosing  timber,  and  with  similar  limita- 
tions. 

I  think  there  is  nothing  further  I  can  now  add  to  the  discussion. 
I  am  glad  to  acknowledge  my  indebtedness  to  the  Society  and  to 
Professor  Johnson  for  a  chance  to  hear  the  paper. 

Prof.  George  F.  Swain. — We  are  very  much  indebted  to 
Professor  Johnson  for  this  paper,  and  I  hope  it  will  be  published 
entire,  for  it  contains  a  great  deal  of  information  which  is  valuable 
to  those  who  have  to  do  with  structures  of  reinforced  concrete. 

The  matter  of  shearing  in  concrete  is  of  much  importance,  and 
I  wish  Professor  Johnson  had  explained  a  little  more  in  detail  how 
he  proportioned  his  stirrups.  As  he  suggests  the  analogy  between 
them  and  the  verticals  of  a  truss,  I  should  be  gflad  to  know  whether 
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he  computed  them  by  taking  the  longitudinal  shear  at  the  neutral 

axis  along  a  distance  equal  to  the  distance  between  stirrups,  de- 
ducted from  this  what  the  concrete  itself  would  carry,  allowing  20 

pounds  per  square  inch  shearing  stress,  and  then  multiplied  the 

difference  by  the  ratio  of  depth  of  stirrup  to  distance  between 

stirrups.  The  stiffeners  in  a  plate  girder  might  be  computed  in  this 

manner,  though  I  do  not  know  of  this  method  having  ever  been  fol- 
lowed in  design.  Indeed,  the  action  of  the  stirrups,  like  that  of 

plate-girder  stiffeners,  must  be  very  uncertain,  and  the  stirrups 
probably  act  partly  in  tension,  and  to  some  extent  in  shearing  also. 

With  reference  to  the  shearing  strength  of  the  concrete,  I  note  in 

Bcton  und  Eiscn  for  1903  (Heft  II)  a  rather  elaborate  discus- 
sion of  the  subject. 

With  reference  to  the  protection  of  steel  by  concrete,  foreign 

authorities  claim,  as  is  well  known,  that  rusty  steel  or  iron,  if  cov- 
ered with  concrete,  will  lose  its  rust  and  become  bright.  I  should 

like  to  ask  Professor  Norton  whether  he  has  any  experiments  which 
substantiate  this.  In  the  East  Boston  tunnel  the  steel  rods  used 

were  cleaned  by  the  sand  blast,  it  being  considered  best  to  be  on  the 

safe  side.    Perhaps  this  precaution  was  unnecessary. 

Professor  Norton. — In  answer  to  Professor  Swain's  question, 
I  would  say  that,  paradoxical  as  it  may  seem,  with  quite  a  number 

of  specimens,  which  were  coated  w'ith  what  would  be  called  rust 
(not  oxide,  but  rather  hydrate  of  iron),  or  rather  the  beginning  of 

rust,  we  found  the  specimens  were  cleaner  after  the  experiment 

than  before,  and  that  they  weighed  a  little  less  than  when  the  con- 
crete was  put  on.  The  action  is  small,  because  we  had  taken  every 

precaution  to  treat  them  as  harshly  as  possible.  The  weighings 

were  made  as  carefully  as  could  be  done.  I  have  been  very,  chary 

about  making  statements  on  that  point.  The  evidence  certainly 

points  to  a  real  formation,  on  some  of  the  heavier  specimens  of 

iron,  free  of  iron  hydrate  or  iron  oxide.  Whether  this  formation  is 

of  any  use  or  not  I  do  not  know.  It  looks  like  a  black  smouch  on 
the  iron  itself  rather  than  a  return  to  the  structural  material. 

I  had  commenced  to  make  one  hundred  or  more  slabs  of  cinder- 

and  stone-concrete  for  one  of  the  construction  companies.  The 
results  of  that  investigation  not  being  complete,  we  have  not  yet 

been  able  to  publish  it,  but  one  of  the  things  we  did  find  out  was  that 

mixing  the  concrete  just  as  wet  as  we  could  mix  it,  so  wet  that  we 

had  to  put  waxed  paper  on  the  bottom  and  sides  of  the  mold,  and 

then  mixing  it  just  as  dry  as  we  could  mix  it  and  tamping  from 

above,  so  that  the  mixture  w^as  solid — that  is,  well  together, — the 
one  was  e:elatinous  ;  vou  could  have  run  a  shovel  in  and  cut  a  eroove 
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in  it  and  it  would  return  to  its  position  ;  while  the  other  was  of  such 
rigidity  that  if  you  stepped  on  it  the  imprint  of  your  heel  would 
remain  in  it ;  all  were  made  and  the  slabs  were  broken.  In  the 

meantime  we  weighed  some  of  the  smaller  pieces.  We  could  not 
find  out  by  breaking  or  weighing  which  was  mixed  wet  and  which 

was  mixed  dry.  In  breakage,  the  dilterence  between  wet  and  dry 
was  less  than  5  per  cent.,  which  was  less  than  would  be  expected. 

Some  were  cinder-concrete  and  some  w^ere  stone-concrete.  They 
were  of  different  thicknesses :  2,  2^,  3  inches,  etc.,  to  8  inches,  and 
the  sizes  of  the  slabs  from  2x3  feet  to  8  x  10  feet. 

^Moisture  in  the  mixture  seems  to  aid  in  making  a  first-class 
bond  between  the  concrete  and  the  steel.  The  metal  was  imbedded 

within  an  inch  of  the  lower  surface.  Every  one  of  the  slabs  carried 
a  certain  definite  load,  up  to  the  point  of  developing  a  tension  crack. 

The  cracks  give  very  ample  warning.  Some  deflected  6  inches  be- 
fore they  broke,  a  very  interesting  point  in  view  of  the  question 

of  safety  to  viewpoints  of  a  building. 

We  are  having  a  good  deal  of  steel-concrete  with  corner-tension 
rods  of  steel,  a  most  excellent  place  to  put  it,  from  the  point  of  view 
of  strength,  but  a  poor  place  in  case  of  fire.  I  have  known  a  concrete 
structure,  built  for  testing  purposes  by  Professor  Lanza  and  myself, 
having  i  inch  of  concrete  between  the  steel  and  the  fire.  Then  we 
put  it  through  the  New  York  fire  test.  It  stood  it  for  3  hours 

and  40  minutes,  and  then  the  posts  gradually  weakened.  The  con- 
crete softened  and  the  iron  began  to  pull  through.  Finally,  when 

the  concrete  was  weakened,  the  wdiole  thing  fell  down  and  was  dis- 
credited, as  it  would  not  have  been  had  there  been  an  inch  more  of 

concrete  between  the  steel  and  the  outside  of  the  posts.  I  would 

suggest  that  no  work  be  put  up  with  less  than  an  inch  and  a  half 
of  concrete  outside  the  steel. 

W.  K.  Hatt,  Professor  of  Applied  Mechanics,  Purdue  Univer- 
sity (by  letter). — The  writer  has  been  greatly  interested  in  Pro- 

fessor Johnson's  paper,  and  desires  to  add  something  further  con- 
cerning the  design  of  reinforced  concrete  beams.  Professor  John- 

son's simple  method  will,  in  the  opinion  of  the  writer,  yield  safe  and 
reasonably  economical  sections.  At  the  present  time  it  is  probable 
that  these  beams  must  be  designed  on  the  basis  of  the  strength  at 

the  point  of  first  crack ;  but  when  a  knowledge  of  constants  is  ex- 
tended, and  the  mechanical  analysis  is  simplified,  we  may  hope  to 

design  such  beams  with  factors  of  safety  chosen  with  reference  to 
a  point  in  flexure  of  these  beams  corresponding  to  the  yield  point 

in  most  materials.  This  point  has  been  called  "Point  A"  in  the 
Load-Deflection  Diagrams  presented  by  the  writer  in  the  "Proceed- 



322 
ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ings  of  the  American  Society  for  Testing  ̂ Materials,"  \'ol.  II,  1902. 
One  of  these  diagrams  is  here  reproduced. 
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Fig.  I.     Load-Deflection  Diagram  of  Reinforced-Concrete  Beam. 

Professor  Johnson  has  used  the  value  of  7.5  for  the  ratio  of  the 
modulus  of  elasticity  of  steel  in  tension  to  the  modulus  of  elasticity 
of  concrete  in  compression.  The  writer  desires  to  quote  certain 
results  recently  obtained  in  experiments  performed  in  the  laboratory 
for  testing  materials  of  Purdue  University,  which  justify  the  use  of 
this  value  of  the  constant.  Table  I  gives  the  modulus  of  elasticity, 

and  the  strength  of  both  broken  stone  and  gravel-concrete  at 
tW'Cnty-eight  and  ninety  days.  The  limestone  was  the  product  of 

the  crusher  below  i  inch.  The  gravel  was  excellent  pit  gravel,  in- 
cluding sand  and  pebbles.  The  concrete  was  medium  wet.  The 

values  quoted  are  based  upon  tests  of  thirty-seven  compression 

specimens,  involving  202  determinations  of  the  modulus  in  com- 
pression, and  on  tests  of  twenty-seven  tension  specimens,  involving 

seventy-nine  determinations  of  the  tension  modulus.  From  these 

results  it  appears  that  the  ratio  of  the  modulus  of  elasticity  of  con- 
crete in  compression  to  that  in  tension  is  nearly  unity.  The  ratio 

of  the  modulus  of  elasticity  of  the  steel  in  tension  to  the  concrete 
in  compression  is  as  follows : 
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Stone-concrete      28  days.  8.8 

"    90     "  6.6 
Average   T.J 

Gravel-concrete   28  daj^s.  8.0 

"    90      "  6.2 
Average      7.1 

To  add  to  Professor  Johnson's  value  of  the  constant  K  in  the 
formula  VL  =  Kbh-,  the  writer  would  quote  the  following  Table  II, 

Table  I. — ^Iodulus  of  Elasticity  of  Portland  Cement  Concrete. 

Kind  of 
Cement. 

Concrete 
Sand. 

Broken 
Stone. Gravel. Age. 

Com- 
pression Modulus. 

Tension 
Modulus. 

Ultimate 
Strength 

Comp.  Ten. 

Days. 
Lbs.  per 

sq.  inch. 

Lbs.  per 

sq.  inch. 

Lbs.  per 

sq.  inch. 

I 

I 

I 

I 

2 

2 

5 

5 

5 

5 

90 

28 

90 

28 

4,610,000 

3,350,000 
4,800,000 

4,130,000 

5,460,000 

3,800,000 

4,510,000 

4,320,000 

2,513     359 

2,290     237 

2,804     290 

2,405     253 

Table  II. — Showing  Value  of  K  in  Formula  M  =  Kbh"  for  Loads  at 
First  Visible  Crack  in  Tension. 

Beams. 

Stone 

with 

wrought- 
iron  rein- 
forcement. 

C.  S 
1-2-4 

Broken 
Stone. 

Gravel 

with  steel 

rein- 
forcement 

C.   Gravel 

1-5 

Amount  and  Depth  of 
Reinforcement. 

none 

none 

ifo   I  inch 

ifc   2  inch 

1%   2  inch 

2fo   I  inch 

2^   2  inch 

Vzfc 1% 
I  inch 

I  inch 

1  inch 

2%   I  inch 

2%   I  inch 

Age. 

I  month 

I  week 

I  month 

I  month 

I  week 

I  month 

I   month 

3  months 

3  months 1   month 

3   months 
I   month 

K. 

90 

60 

265 

195 

160 

391 

240 

161 

322 

283 

526 480 

Elastic  Limit  of  Iron  =  36,000.    Elastic  Limit  of  Steel  =  33,300. 
Units,  M  (moment)  in  inch-lbs.;  b,  h  in  inches. 

Materials  as  in  Table  I. 
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which  is  the  result  of  tests  made  by  him  on  twenty-three  beams, 

8x8  inches  in  cross-section,  tested  on  a  span  of  80  inches.  These 
beams  were  reinforced  with  plain  bars  of  circular  section  placed  in 

the  tension  flange.  No  provision  w^as  made  for  a  bond  other  than 
natural  adhesion  between  the  concrete  and  the  reinforcement.  None 

of  the  beams  quoted  failed  in  either  horizontal  or  vertical  shear.  The 

first  indication  of  failure  was  always  a  crack  in  the  tension  side  of 

the  beam  close  to  the  center.  The  widening  of  this  crack  was  due 

to  the  fact  that  the  yield  point  of  the  steel  was  reached.  The 

strength  of  the  concrete  in  compression  was  not  developed.  The 
value  of  a  high  elastic  limit  in  the  reinforcement  is  evident. 
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METHODS    FOR     DETERMINING    THE    EQUATIONS    OF 
EXPERIMENTAL    CURVES. 

By  a.  S.  Langsdorf,    Member  of  the  Engineers'  Club  of  St.  Louis, 

[Read  before  the  Club  April  20,  1904.*] 

Ix  the  covirse  of  many  investigations  of  a  physical  or  engineer- 

ing nature  it  becomes  necessary,  or  desirable,  to  reduce  the  results- 
of  the  observations  to  the  form  of  an  equation ;  or,  in  other  words,, 

to  deduce  a  law  sufficiently  general  to  cover  the  full  range  of  ob- 

served data.  [Methods  for  the  accomplishment  of  this  end  are  un- 
doubtedly known  and  used  by  many  engineers,  but,  singularly 

enough,  little  concerning  this  important  subject  has  appeared  in 

technical  publications.  The  discussion  herewith  presented  is  there- 

fore brought  forward  in  the  hope  that  it  may  be  of  service  to  inves- 
tigators desirous  of  pushing  their  work  to  a  definite  conclusion. 

In  many  cases  the  law  governing  the  particular  conditions 

under  observation  may  be  known  at  the  start,  and,  therefore,  also 

the  general  form  of  its  mathematical  expression ;  the  problem  then 

reduces  to  that  of  determining  the  numerical  values  of  the  con- 
stants of  the  general  equation.  But  it  may,  and  does,  happen  that 

an  a  priori  determination  of  the  equation  is  impossible,  and  it  then 

becomes  necessary  to  devise  an  empirical  equation  to  represent  the 

facts.  This  is  essentially  an  inductive  process,  the  pther  class  of 

problems  mentioned  above  being  only  a  special  case  of  it.  For- 
tunately, the  solution  of  the  general  case  is  much  facilitated  by  the 

fact  that  the  great  majority  of  physical  laws  are  relatively  simple,  in 

consequence  of  which  their  mathematical  expressions  do  not  in- 
volve complicated  functions  of  the  variables.  In  fact,  the  graphical 

representations  of  the  equations  are  almost  wholly  limited  to  five 

groups:  (i)  The  straight  line;  (2)  parabolic  curves;  (3)  hyper- 
bolic cvirves ;  (4)  logarithmic  curves;  (5)  periodic  curves.  Of 

these,  the  first  four  only  will  be  considered  here.f 

In  treating  any  particular  case  the  first  step  consists  of  plotting 

the  observed  data  and  classifying  the  curve  geometrically.  Some 

uncertainty  as  to  choice  may  exist  here,  for  with  an  arbitrary  scale 

of  drawing,  curves  of  the  second,  third  and  fourth  groups  may  ap- 
pear indistinguishable;  but  judicious  reasoning  as  to  the  limiting 

*  Manuscript  received  April  29,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 

t  For  a  treatment  of  periodic  curves,  see  a  paper  by  the  author  on  "A 
Graphical   Method   for  Analyzing   Distorted    Alternating    Current    Waves,"' 
Physical  Review,  vol.  xii,  p.  184. 
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conditions  of  the  experiment  will  often  furnish  a  clue  not  otherwise 

available — such,  for  instance,  as  the  presence  or  absence  of  asymp- 
totes, the  slope  of  the  curve  at  particular  points  and  other  similar 

considerations.  Under  the  most  unfavorable  conditions  a  trial  of 

several  typical  forms  will  indicate  which  is  likely  to  prove  the  best. 

When  the  curve  has  been  tentatively  classified,  the  characteristic 

equation  may  be  assigned  to  it,  and  it  then  remains  to  evaluate  the 

constants  entering  therein. 

In  order  to  examine  the  methods  of  analysis  in  detail,  each 

group  will  be  treated  separately,  and  illustrated  by  more  or  less 

specific  examples. 

THE  STRAIGHT   LINE. 

Suppose  that  a  series  of  observations  of  two  related  variables 

gives  the  data  which  are  plotted  in  Fig  i.  The  average  line  through 

the  points  is  evidently  straight,  its  position  being  determined  by 

stretching  a  thread  across  the  paper  until  the  points  above  and 

below  it  balance.     The  general  ecjuation  of  the  line  is 

y  =  ax4-b  (i) 

Select  two  points,  such  as  p  and  q,  on  the  line,  and  as  far  apart  as 

possible ;  they  should  preferably  be  taken  where  the  line  crosses  the 

intersection  of  two  of  the  co-ordinate  rulings,  for  greater  accuracy 

in  reading.  The  co-ordinates  of  p  and  q  must  satisfy  (i),  so  that 

on  substituting  these  values  from  the  figure  we  have  the  two  simul- 
taneous equations 

26.5  =     3.5  a  +  b 

3.0  =  81.0  a  -f  b 

from  which       a  ̂   —  0-303  and  b  ̂   -|-  27.56,  or 

y  =  27.56  —  0.303  X 

It  is  to  be  observed  that  this  method  gives  to  the  final  values  of 

a  and  b  the  accuracy  of  the  method  of  least  squares.  For  a  and  b 

depend  upon  the  slope  and  position  of  the  line,  wdiich,  in  turn,  de- 
pends upon  all  the  points  plotted ;  from  which  it  follows  that  the 

result  is  the  same  as  if  each  observation  were  weighted.  Thus,  if 

through  some  error  of  observation,  one  of  the  plotted  points  falls 

considerably  ofif  the  average  line,  the  position  of  the  latter  wall  not 

b»e  appreciably  affected  thereby,  and  hence  the  error  will  not  appear 

in  a  and  b,  as  would  be  the  case  if  the  constants  were  found  by  direct 

■substitution  of  observed  values  in  ( i ) . 
The  case  of  the  straight  line  has  been  treated  thus  fully  be- 

cause the  methods  for  the  other  cases  are  such  that  the  final  part  of 
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each  process  involves  the  determination  of  the  constants  from  a 

straight  Hne.  A  due  appreciation  of  the  accuracy  thus  cjhtained  is, 

therefore,  essential. 

PARABOLIC    CURVES. 

The  general  ecjuation  of  curves  of  this  class  (as  encountered  in 

practical  work)   is 

y  —  a  —  k  (x  —  b)"  (2) 

the  vertex  of  the  curve  being  at  the  point  (b,  a).  In  Fig.  2  are 

shown  two  curves  of  this  class,  but  in  both  cases  the  vertex  is  at  the 

origin. 

The  curve  will  be  convex  or  concave  to  the  axis  of  X  according 

to  whether  n  is  greater  or  less  than  unity,  respectively. 

When  the  vertex  is  at  the  origin,  equation  (2)  becomes 

y  =  kx"  (3) 

Curve  A,  for  example,  has  been  plotted  from  the  results  of  an  ex- 
periment with  a  simple  pendulum,  the  ordinates  being  the  times  of 

oscillations  in  seconds,  and  the  abscissas  the  corresponding  lengths 

in  centimeters.  Assuming  (3)  as  the  form  of  the  equation  of  A, 

we  may  write 

log  y  =  log  k  +  nlog  x  (4) 

If  the  assumption  is  correct,  then  on  plotting  log  y  and  log  x,  a 

straight  line  should  result  (as  in  Fig.  3),  since  (4)  is  of  the  first 

degree  in  these  variables.  This  being  found  to  be  the  case,  we  may 

proceed  to  evaluate  log  k  and  n  as  described  tmder  The  Straight 

Line,  thus  finding  the  values 

n  =  0.495  (or  nearly  0.5) 

log  k  =  9.01 1  —  10,  k  r=  0.102 
Therefore, 

t  =  0.102  VI 

The  agreement  with  theory  is  very  close,  since  the  actual  formula 
is 

t  =:  ~7=-v'  1        =  0.1006 -V    1 V  g  \  \ 

The  value  of  11  for  curves  of  this  class  may  be  found  in  another 

way  by  virtue  of  a  property  possessed  by  exponential  curves. 

Differentiating    (3),  we  have 

4^  =  knx"-^  (5) 
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dividing  (3)  by  (5).  and  transposing, X    dy 

y    dx 

but.  according  to  Fig.  4,    ,-";  =  7^,  x  =  ON,  y  =^  PN,  therefore, 
dx       TN^ 

ON 

TN 

Fig.  4. 

That  is,  ;/  is  the  ratio  of  the  abscissa  of  any  point  of  tangency  to  the 

corresponding  snbtangent,  provided  the  vertex  is  on  the  axis  of  X. 

If,  therefore,  a  number  of  tangents  to  the  curve  are  drawn,  and  this 

ratio  found  for  each  case,  an  average  value  of  n  may  be  obtained. 

This  method  is  disadvantageous  in  that  it  does  not  show  clearly  the 

truth  or  falsity  of  the  original  assumption  concerning  the  parabolic 

nature  of  the  curve ;  this  is  particularly  the  case  when  successive 

values  of  Ji  show  a  slight  tendency  to  deviate  regularly  from  a  mean 
value. 

The  general  case,  in  which  the  vertex  of  the  curve  is  displaced 

from  the  origin,  is  rather  more  difficult  to  handle  than  that  dis- 
cussed above.  It  will  be  noted  that  the  characteristic  equation  (2) 

contains  four  constants,  at  least  two  of  which  must  be  eliminated 

before  the  remaining  two  can  be  found.  Differentiating  (2),  we 
have dv 

dx =  kn  (x  — b)"- 
(6) 

which  disposes  of  one  constant.    If  now  b  can  be  evaluated,  equation 

(6)  will  take  the  form 

y,  =  knx,"-i 
where 

dy 

dx 
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this  is  similar  in  form  to  equation  (3),  and  the  method  of  solution 

given  for  that  case  will  then  apply. 

For  example,  suppose  that  curve  A  of  Fig.  5  is  to  he  analyzed, 

the  data  from  which  it  is  plotted  being  included  in  the  subjoined 

table.     Construct  a  number  of  tangents  to  the  curve,  as  indicated, 

and  find  the  numerical  value  of  -p-   for  each  point  of  tangency. 

Now  construct  curve  B  (Fig.  5),  whose  ordinates  are  these  values 

of 

dy 

dx 
and  whose  abscissas  are  the  points  of  tangency.     Produce 

curve  B  until  it  intersects  the  axis  of  X.  The  abscissa  of  this  point 

will  then  be  the  value  of  b.  Naturally,  there  will  be  some  uncer- 

tainty as  to  this  value,  but  it  may  be  found  w'ith  sufficient  exactness 
in  two  or  three  trials. 

Referring  to  Fig.  5,  b  is  found  to  be  1.5,  so  that  in  the  table 

v/e  may  form  the  column  (x  —  b).     Since 

^=kn(x-b)"
-. it  follow^s  that 

log  TTT  =log  (1^'n)  -f  (n— i)  log  (x dx 

which  is  linear  in  log 

b) 

dy 

and  log  (x  —  b).    Plotting  these  quanti- 

ties as  in  Fig.  6,  we  obtain  a  straight  line,  from  which  can  be  found. 

therefore. 

log  (kn)  =  0.557 
n  —  I  ̂   0.796 

n  =  1.8  (approximately) 
k  =  2.0 

Having  determined  b^  k,  and  n,  it  is  a  simple  matter  to  fix  the 

value  of  a;  in  this  case,  a  =  2.3 ;  so  that,  finally. 

y  —  2.3  =  2.0  (x—  1.5) 

1.8 

Data  for  Figs.  5  and  6. 

X y X 

dy 

dx X  — b 

log    ̂  
*     dx 

log  (x  — 

b) 

2.0 

2.87 

2.5 

3.60 

I.O 
0.556 

0.000 

30 

6.45 

3-5 

6.23 

2.0 

0.794 

0.301 

4.0 

12.71 
4.5 

8.78 

3.0 

0.943 0.477 

5-0 

21.37 

5.5 

10. 89 

4.0 

1.037 

0.602 
6.0 32.27 

6.5 

13.05 

5.0 

1. 116 

0.699 

7.0 
45.32 

7.5 
15.10 

6.0 

1. 179 

0.778 

If  an  appreciable  error  is  made  in  selecting  the  value  of  b,  the 

line  of  Fig.  6  will  be  curved  instead  of  straight;  if  b  is  taken  too 
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large  the  curvature  will  be  in  one  direction,  and  if  too  small,  in  the 
other.  Hence,  if  two  such  curves  are  obtained  in  the  course  of  the 

work,  the  true  value  of  h  will  be  between  those  from  which  the  trial 

curves  resulted,  and  can  be  closely  approximated  by  visual  inter- 
polation. 

The  general  case  here  discussed  will,  of  course,  fully  cover 
those  special  cases  in  which  either  a  or  &  is  absent.  If  a  is  zero,  the 
curve  will  be  tangent  to  the  X  axis  at  a  distance  b  from  the  origin. 
If  b  is  zero,  the  origin  will  be  on  the  axis  of  Y  at  a  distance  a  above 
the  origin.  It  is  hardly  necessary  to  add  that  a  and  b,  in  all  these 

equations,  may  be  either  positive  or  negative. 

HYPERBOLIC  CURVES. 

Curves  of  this  class  (Fig.  7)  may  be  treated  in  a  manner  very 
similar  to  that  used  for  parabolic  curves.  In  fact,  equation  (2) 
becomes  that  of  a  hyperbolic  curve  if  n  is  negative ;  in  that  case  the 

equation  may  be  written 

(y-a)  (x-b)"  =  k  (7) 
where  n  is  positive. 

Differentiating  (7),  we  have 

-  ̂ =kn  (x-b)-("+0  (8) dx 
or 

~        (  X  —  b  )  "+i 
—  dy  =   -.   ■ -;—  kn 

dx 

If  tangents  to  the  curve  are  drawn  at  a  number  of  points  and 
1 

corresponding  values  of  x  and    dy_  are  plotted,  the  curve  so  deter- dx 

mined  will  cross  the  axis  of  X  where  x  ̂   b.    It  is  then  possible  to 
proceed  as  in  the  case  of  parabolic  curves,  noting  that  equation  (8) 
may  be  written 

^°^  ̂ -^^  =  ̂°-  ̂^"^  -  ("+  ̂ )  ̂°^  (^-^)         (9) 
There  is  no  anachronism  in  the  expression  log(  —  ~\  since  for 

all  positive  values  of  (x  —  b),  ~-  will  be  negative  for  that  branch 

of  the  curve  lying  in  the  first  quadrant. 

Hyperbolas  are  sometimes  encountered  which  have  such  a  posi- 
tion with  respect  to  the  axes  that  they  may  be  readily  mistaken  for 

parabolas.  Fig.  8  illustrates  this  class,  the  general  equation  of 
which  is 

■'  x  -|-  b 
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If  this  curve  is  mistaken  for  a  parabolic  one,  and  tlie  method 

of  analysis  involving  equations  (3)  and  (4)  is  employed,  the  graph 

of  (4)  will  not  be  a  straight  line,  thus  showing  the  falsity  of  the 

assumption.  Close  inspection  of  the  actual  curve  will  usually  deter- 
mine which  of  the  two  equations  (3)  or  (10)  is  the  better  for  a 

first  trial,  since  the  graph  of  the  former  is  tangent  to  one  of  the  axes, 
while  that  of  the  latter  is  not. 

Equation  (10)  may  be  written 

-- = -^       ,     b y  a  a 

which  is  linear  in  —  and  x ;  if,  therefore,  (10)  is  the  true  equation 

of  the  curve,  a  straight  line  should  result  on  plotting  —  and  x ;  and 

from  this  line  —  and  — ,  and  thence  a  and  h,  may  be  found.     It  may 

be  remarked  in  passing  that  x  =  —  b  and  y  ̂   a  are  asymptotes  of 
the  curve. 

The  B-H  curve  of  magnetization  and  the  saturation  character- 
istics of  a  generator  may  be  conveniently  represented  by  (10),  which 

is  identical  in  form  with  Frolich's  equation. 

LOGARITHMIC  CURVES. 

The  general  equation  of  this  type  is 

y  —  a  =  ke^""  (11) 

where  £  is  the  base  of  the  Naperian  system  of  logarithms,  and  a,  h, 

and  k  are  constants  which  may  have  any  values.  The  variables  x  and 

y  may  be  interchanged  in  (11),  in  which  case  the  resulting  curve 

and  that  represented  by  (11)  will  be  symmetrical  with  respect  to  the 

line  y  =  x.  In  Fig.  9  are  shown  several  typical  curves  obtained  by 

giving  various  positive  and  negative  values  to  the  constants. 

Dififerentiating  (11),  we  have 

4^=:kb£*'-  (12) dx 
from  which 

log,(-^^)  =  log,  (kb)   +  bx  (13) 

Equation  (13)  is  linear  in  log^  [  ̂  J  and  x,  so  that  if  a  straight  line 

results  from  plotting  these  functions  it  follows  that  (11)  correctly 

represents  the  original  curve.  In  addition,  the  values  of  b  and  k 

follow  at  once  from  this  straight  line  according  to  methods  already 

illustrated.  Knowing  h  and  k  it  is  a  simple  matter  to  determine  a 
from  the  original  data  and  curve. 
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For  example,  suppose  that  the  curve  of  Fig.  lo  is  to  be  analyzed, 

and  that  the  original  data  is  contained  in  the  following  table.  Con- 

struct a  number  of  tangents,  as  indicated,  and  find  the  value  of     *,  - 

for  each.  In  the  present  case,  all  these  values  are  negative,  which 

indicates  at  once  that  b  must  be  negative.    But  it  follows  from  (12) 

and  (i^)  that  if  we  take  the  absolute  values  of    ,'-  and  treat  them 

as  positive,  b  will  necessarily  come  out  as  a  negative  quantity. 

Plotting  log,  (  —  ̂ ]  and  x,  as  in  Fig.  1 1,  a  straight  line  is  ob- '  V        dx  / 
tained,  from  which  is  calculated 

b  =  —  0.394 

log;  bk  =  0.951 
bk  =  2.59 

k  =  6.57 

It  should  be  noted  that  in  dividing  bk  by  b  their  absolute  values 
must  be  used. 

We  thus  obtain 

y  —  a  =  6.57c-°-394x 

and,  upon  inserting  a  number  of  corresponding  values  of  .r  and  y 

from  the  original  curve,  the  average  value  of  a  is  found  to  be  5.2; 
therefore, 

y  —  5.2  =  6.57c—°-4x  (nearly) 

is  the  final  expression. 

Data  for  Figs.  10  and  ii. 

X Y X 
dx 

'-.(-^ 

0 11.70 

o.S 

2.100 

+  0.742 I 

9-56 

1-5 

1.420 

+  0.351 
2 8.12 

2.S 

0.975 —  0.025 

3 

7.16 
3-5 

0.663 —  0.41 1 

4 6.S1 

4-S 

0.436 

—  0.830 

S 6.08 

5-5 
0.286 

—  1.252 

6 579 

6.5 

0.221 

—  1.505 

7 

S-6o 

7-5 0.130 

—  2.040 

8 S-47 

9 
S.38 

SUMMARY. 

In  the  methods  described  in  the  foregoing  sections,  the  form 

of  the  tentative  equation  is  modified  by  any  legitimate  process  in 

such  a  manner  that  the  variables  in  the  original  equation  become 
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collected  into  two  groups,  or  terms,  all  other  terms  involving  con- 
stants only.  On  calculating  the  values  of  these  group  terms  from 

the  original  data,  and  plotting  them  as  new  variables,  a  straight  line 
should  result  if  the  assumed  form  of  equation  is  correct.  The  chief 

advantage  of  this  method  lies  in  the  fact  that  the  values  of  the  con- 
stants thus  determined  have  far  greater  accuracy  than  could  be 

otherwise  obtained.  It  will  also  be  observed  that  for  all  the  curves 

treated  as  in  the  above  sections,  the  principal  functions  to  be  handled 

are,  besides  x  and  v  themselves,  -j^,  los:  -j^  and   log  x    (or  log 

(x  —  b)).  A\'hen  these  functions  have  been  calculated,  they  may 
be  used  quickly  for  trying  the  various  possible  combinations. 

The  methods  thus  described  apply,  of  course,  only  to  the  limited 
number  of  cases  explained ;  but  they  may  be  readily  extended  in  a 
manner  that  will  be  at  once  evident  to  anyone  familiar  with  the 
equations  of  other  families  of  curves. 
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THE  UTILIZATION  OF  NIAGARA  POWER. 

By  H.  W.  Buck,  Electrical  Engineer,  Niagara  Falls  Power  Comrany. 

[Read  before  the  Engineers' Society  of  Western  New  York,  April  5,  1904.=''] 

The  utilization  of  the  power  of  Niagara  Falls  has  for  years 

been  the  dream  of  engineers  and  of  all  those  interested  in  the  indus- 
trial development  of  this  section  of  the  country.  In  the  past,  many 

schemes  for  the  purpose  have  been  suggested  by  inventors  and 
others,  but  never,  until  the  advent  of  the  modern  era  in  electrical 

engineering,  has  the  proposition,  on  a  large  scale,  been  able  to 

stand  upon  a  basis  attractive  to  the  capitalist.  It  may  therefore 

almost  be  claimed  that  the  problem  of  utilizing  the  power  of 

Niagara  has  been  solved  technically  by  the  profession  of  electrical 

engineering. 

The  difficulty  in  the  past  has  not  been  to  apply  the  water  to  the 

turning  of  a  water  wheel,  for  many  of  the  schemes  suggested  would 

have  accomplished  this  successfully,  but  what  to  do  with  the  power 

when  developed  at  the  water-wheel  shaft  was  the  problem  before  the 
engineer.  Obviously,  here  the  question  of  transmission  arose  as 

of  prime  importance. 

Among  the  numerous  early  plans  will  be  found  extensive 

systems  of  pneumatic  tubes  operated  by  turbine-driven  air  com- 
pressors, the  pipes  leading  to  factories  located  in  the  vicinity  of  a 

power  house.  Each  factory  was  to  have  its  own  air  motor  thus 

operated.  It  may  be  of  interest  to  note  that  one  of  these  plans 

contemplated  the  transmission  of  power  to  Buffalo  by  this  means. 

Another  plan  consisted  in  lines  of  countershafting  bracketed  on 

coltmins  extending  radially  from  a  central  power  station,  this  long 

shafting  to  be  driven  by  the  water  wheels  through  a  system  of 

gearing.  Factories  were  to  be  located  along  these  lines  of  shafting 

and  were  to  receive  their  power  supply  by  clutches  connected  to 
these  shafts. 

Still  another  plan  involved  the  construction  of  a  network  of 

surface  canals  fed  from  a  common  intake  from  the  Niagara  River. 

Factories  were  to  locate  along  these  canals  and  take  water  from 

them  for  the  operation  of  individual  turbines ;  the  water  to  be  dis- 

charged into  branch  tunnels  connected  to  a  main  trunk  tunnel  lead- 
ing to  the  lower  river. 

These  plans  now  look  grotesque,  but  at  that  time,  20  years 

ago  or  so,  they  were  seriously  considered  by  good  engineers.     They 

*  Manuscript  received  May  6,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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were  discarded  largely  for  financial  reasons,  the  plans  showing- 
low  efficiency  and  high  cost  of  construction  and  maintenance. 

We  are  all  familiar  with  the  final  solution  of  the  problem,  and 
the  power  house  of  the  Niagara  Falls  Power  Co.  need  not  be 
described  in  detail.  The  electrical  solution  seems  almost  ideal  as 

a  means  of  distributing  the  power.  A  dynamo  has  no  links,  gears 
or  valves  to  wear  out.  It  revolves  day  in  and  day  out,  with  almost 
no  attention,  and  its  efficiency  is  so  high  that  98  per  cent,  of  the 
energy  of  the  turbine  shaft  is  delivered  at  the  terminals  of  the 
dynamo.  From  the  electric  generator  the  current  is  carried  over 

wires  and  cables  which  aft'ord  almost  the  limit  of  simplicity  as  a 
means  of  transniitting  power  to  the  user. 

]^Iany  who  come  for  the  first  time  to  the  Niagara  power  house 
are  surprised  to  find  the  plant  located  so  far  from  the  Falls.  They 

have  always  associated  the  use  of  Niagara's  power  with  the  Falls 
theniselves,  and  it  is  difficult  for  them  to  understand  that  the  power 

is  derived  from  the  dift'erence  in  level  between  the  upper  and  the 
lower  river,  of  which  the  Falls  are  merely  a  result. 

The  person  who  originated  the  conundrum  about  not  being  able 

to  '"dam"  Niagara  knew  very  little  about  hydraulic  conditions  there. 
The  Falls  are  the  direct  result  of  an  enormous  dam  which  extends 

from  Buffalo  to  the  brink  of  the  Falls  for  its  thickness,  and  for  its 

length  it  has  the  length  of  the  entire  Niagara  escarpment  itself, 
the  spillway  being  the  Niagara  River.  If  it  were  not  for  this  dam 
the  waters  of  Lake  Erie  would  be  discharged  abruptly  into  Lake 
Ontario. 
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Profile  of  the  Great  Lakes,  showing  their  Depths  in  Feet. 

The  ultimate  hydraulic  conditions  at  Niagara,  therefore,  are 

not  so  different  from  those  of  other  water-power  plants,  except  in 
the  matter  of  size  and  from  the  fact  that  the  dam  has  been  built 

by  nature  and  not  by  man. 

From  the  electrical  distribution  of  Niagara  power  has  resulted 

a  radical  and  essential  advantage  which  was  not  fully  recognized 
at  the  time  of  its  first  adoption.  As  its  uses  have  developed, 
it  has  been  found  that  not  only  was  poiver  wanted  for  industrial 

purposes,  but  primarily  electric  power.     This  is  especially  true  in 
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the  case  of  the  electro-chemical  and  electric  lighting  applications. 

If  pneumatic,  hydraulic  or  mechanical  shaft  power  had  been  sup- 

plied for  use  it  would  have  been  necessary  for  all  the  electro-chem- 
ical plants  to  convert  this  power  into  electric  current  before  they 

could  use  it,  with  all  the  loss  in  power  which  would  result  from  this 

conversion.  So  also  with  the  electric  lighting  and  electric  railway 

applications,  where  power  is  wanted  in  the  form  of  electric  current. 

The  first  power  house  of  the  Niagara  Falls  Power  Co.  has  a 

capacity  of  50,000  horse  power,  made  up  of  10  generating  units  of 

5000  horse  power  each.  The  second  plant  of  this  same  company, 

which  is  located  on  the  opposite  side  of  the  ifilet  canal,  has  just  been 

completed,  and  its  capacity  is  55,000  horse  power  from  11  generators 

of  5000  horse  power  each. 

The  general  features  of  this  plant  are  the  same  as  those  of 

the  older  power  house,  the  difference  being  in  a  few  details.  The 

turbines  are  operated  with  draft  tubes  which  increase  the  effective 

head  of  water  and  consequently  the  power  for  a  given  amount  of 

water.  The  water  is  drawn  from  the  old  canal,  led  through  pen- 
stocks to  the  turbines  and  discharged  through  them  into  a  branch 

tunnel.  This  connects  with  the  main  tunnel  at  a  point  near  the  end 

of  wheel  pit  No.  i. 

The  cut  opposite  shows  power  house  No.  2  in  section,  and 

illustrates  one  unit  and  the  general  method  adopted  by  the  Niagara 

Falls  Power  Co.  of  using  the  hydraulic  energy  at  Niagara.  From 

the  canal  which  connects  with  the  upper  river  the  water  flows 

through  submerged  arches  A  as  shown  and  into  the  inclosed  fore- 
bay  F,  thence  through  the  racks  R  into  the  penstocks  P  and  down 

the  wheelpit  to  the  turbines  which  are  inclosed  in  the  wheel  case  W. 

From  the  wheel  case  the  water  passes  through  the  buckets  of  the 

turbine  and  down  through  the  draught  tubes  D  into  the  tailrace  T. 

This  connects  with  the  discharge  tunnel  which  carries  the  water  off 

under  the  city  to  the  lower  river. 

The  turbine  is  direct  connected  to  the  electric  generator  G  by 

means  of  the  vertical  hollow  shaft  S.  The  speed  is  250  revolutions 

per  minute. 

Electrically,  the  arrangements  of  power  house  No.  2  differ 

materially  from  those  of  the  old  plant.  There  are  2  types  of  dyna- 
mos. The  first  6  are  very  similar  to  the  10  machines  in  plant  No.  i, 

but  the  last  5  are  entirely  different  in  construction ;  in  them  the 

field  revolves  inside  of  the  stationary  outside  armature. 

In  the  new  plant  the  generators  are  all  wound  for  the  same 

voltage,  phase  and  frequency  as  in  the  old  plant  machines,  so  as 

to  permit   of  interchangeable    operation    on    the    system.        The 



Section  of  Power  House  No.  2. 
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switchboard  arrangements  are  different  and  in  accordance  with  the 

most  approved  modern  methods  of  construction. 

In  addition  to  power  house  No.  2,  the  Niagara  Falls  Power 

Co.  is  developing,  through  its  allied  company,  the  Canadian  Niag- 
ara Power  Co.,  1 10.000  horse  power  on  the  Canadian  side  of  the 

Falls.  The  hydraulic  features  of  this  development  are  very  similar 

to  those  on  the  American  side,  which  have  proved  so  successful 

in  operation.  A  wheel  pit  has  been  excavated  in  Victoria  Park  at  a 

place  about  1700  feet  above  the  Horse  Shoe  Falls.  Into  this  pit  the 

water  is  discharged  from  a  short  intake  canal  and  forebay,  and  car- 

ried oft'  through  a  tunnel  to  the  lower  river. 
The  essential  difference  involved  in  this  plant  is  in  the  size  of 

the  generating  unit.  The  installation  will  consist  of  11  units  of 

10,000  horse  power  each.  \\'hen  the  power  development  was  first 
started  on  the  American  side,  a  unit  of  5000  horse  power  was 

selected  as  being  a  convenient  subdivision  of  the  total  power  devel- 
opment then  contemplated,  viz :  100.000  horse  power.  Now  that 

more  than  200,000  horse  power  is  to  be  developed,  a  10,000.  horse- 
power unit  can  be  installed  and  its  relation  to  the  capacity  of  the 

whole  system  will  remain  the  same.  Furthermore,  great  economy 

in  cost  of  construction  results  in  the  use  of  this  larger  unit.  A 

10,000  horse-power  turbine  and  dynamo  occupy  only  slightly  more 

space  than  one  of  5000  horse-power  capacity.  This  effects  a 
considerable  saving  in  length  of  power  house,  forebay,  wheel  pit, 

etc.,  for  a  given  plant  output.  Also  the  cost  of  one  10,000  horse- 

power turbine  and  dynamo  is  less  than  the  cost  of  two  5000  horse- 

power units.  The  advance  in  the  art  of  turbine  and  dynamo  man- 
ufacture in  the  last  10  years  has  been  such  that  the  construction 

of  10,000  horse-power  machines  now  is  not  as  difficult  a  problem  as 

was  that  of  the  5000  horse-power  size  when  the  first  American 
power  house  was  built. 

The  electric  generators  in  the  Canadian  plant  are  wound  for 

11,000  volts,  3  phase.  This  voltage,  which  is  5  times  as  high  as 

that  of  the  American  plant  dynamos,  was  selected  for  reasons  of 

economy  in  power  distribution.  This  is  about  the  highest  voltage 

which  is  considered  safe  for  underground  distribution,  and  all  the 

power  will  be  taken  out  from  the  Canadian  plant  underground, 

necessarily,  on  account  of  the  power  house  being  in  the  Park. 

For  very  long  distance  transmission,  transformation  will  take 

place  to  a  much  higher  voltage  in  a  transformer  station  located  on 

the  plateau  above  the  Park.  Transformation  will  be  made  to  22,- 

000,  40,000  or  60,000  volts,  depending  upon  the  transmission  dis- 
tance. 
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The  Canadian  plant  will  be  electrically  interconnected  with 

both  of  the  American  power  houses  by  cables  across  the  upper 
steel  arch  bridge,  so  that  3  large  independent  generating  stations 
will  be  available  for  the  supply  of  power  to  the  system  of  the 

Niagara  Falls  Power  Co.  This  is  a  matter  of  the  greatest  im- 
portance to  the  Niagara  frontier.  In  case  of  some  unforeseen 

accident  to  any  one  of  the  plants,  interconnections  could  at  once 
be  established  so  that  the  most  important  users  of  power,  supplied 

normally  by  the  disabled  plant,  could  be  supplied  with  power  with- 
out interruption.  This  is  especially  important  where  the  public 

utilities  are  involved,  such  as  the  electric  railways  and  electric 

lighting  companies. 
One  naturally  asks  where  this  215,000  horse  power  is  going 

to  be  used.  The  same  question  was  asked  in  regard  to  the  50,000 
horse  power  for  which  the  first  power  house  was  constructed.  The 
latter  has  been  quickly  answered  by  the  fact  that  the  load  this 

winter  exceeded  75,000  horse  power.  At  the  present  rate  of  in- 
crease it  will  not  be  many  years  before  the  capacity  of  all  3  plants 

is  reached. 

The  use  of  machine  tools  and  mechanical  processes  in  factories 
nowadays  consumes  a  large  amount  of  power,  and  the  cost  of 

power  has  therefore  become  a  very  important  item  to  the  manu- 
facturer. It  has  made  him  investigate  carefully  the  question  of 

power  cost,  and  the  saving  in  this  account  which  results  from  the 
use  of  power  from  the  Niagara  system  as  compared  with  that  from 
an  isolated  plant.  The  central  locality  in  the  country  of  the  Niagara 
frontier  is  also  attracting  attention  in  the  industrial  world,  and  I 
should  not  be  surprised  to  see,  during  the  next  10  years,  a  great 
influx  of  all  classes  of  manufacturing  concerns,  attracted  to  this 

locality  by  the  advantages  named.  Electro-chemistry  is  only  just 
beginning  to  open  up  as  an  enormous  user  of  electric  power,  and 

it  is  likely  that  many  processes  will  be  invented  which  will  require 
the  cheap  power  of  Niagara  to  render  them  commercially  operative. 

All  such  industrial  development  means  more  homes  and  more 
people,  which  in  turn  require  more  electric  lighting  and  more  street 

railway  traffic,  which  again  increase  the  use  of  power.  An  enor- 
mous field  for  the  use  of  Niagara  power,  which  is  only  just  begin- 
ning to  open  up,  is  the  electric  operation  of  the  passenger  and 

freight  traffic  on  the  great  steam  railroad  trunk  lines.  In  my  opin- 
ion this  is  sure  to  come  in  the  near  future. 

If  you  will  draw  a  circle  around  Niagara  Falls  as  a  center, 
with  a  radius  equal  to  about  100  miles,  which  might  be  considered 
as  a  fair  limit  of  economical  transmission  under  present  electrical 
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conditions,  and  assum-e  all  the  trains  in  this  circle  to  be  operated 

bv  Niagara  power  at  approximately  500  to  1000  horse  power  per 

train,  vou  will  see  the  possibilities  in  this  direction  for  the  con- 

sumption of  power  from  the  Falls. 

In  spite  of  the  possibilities  for  long  distance  transmission  use, 

I  believe,  nevertheless,  that  the  bulk  of  Niagara  power  will  always 

be  used  within  a  radius  of  a  few  miles  of  the  Falls.  It  is  cheap 

power  that  the  manufacturers  want,  especially  those  of  electro- 
chemical products,  and  the  nearer  they  get  to  the  Falls  the  cheaper 

will  be  the  power. 

Transmission  of  power  for  long  distances  is  expensive  at  best. 

Take  the  case,  for  instance,  of  the  Niagara-Buffalo  transmission. 

The  current,  after  it  leaves  the  generators,  is  transformed  to  22,000 

volts  by  expensive  step-up  transformers,  which  not  only  waste  some 
of  the  power,  but  must  be  operated  and  maintained,  and  interest 

must  be  paid  upon  their  cost.  From  here  the  current  traverses 

the  transmission  line  over  a  private  right  of  way.  This  also  must 

be  operated  and  maintained,  and  interest  must  be  paid  upon  a  large 

investment  in  line  as  well  as  for  right  of  way.  Furthermore,  power 

is  lost  in  the  transmission.  After  reaching  the  city  line  of  Buffalo, 

the  current  is  again  transformed  for  distribution  throughout  the 

city.  This  distribution  is  accomplished  by  means  of  an  extensive 

system  of  underground  cables.  All  this  apparatus  must  have  fixed 

interest  charges  paid  upon  it  and  it  requires  a  large  force  of  ex- 
perienced men  for  its  operation.  When,  therefore,  the  statement  is 

made  that  not  over  10  per  cent,  is  lost  in  transmitting  power  from 

Niagara  to  Buffalo,  it  does  not  mean  that  power  will  cost  only  10 

per  cent,  more  in  Buffalo  than  at  the  Falls ;  for  the  difference  will 

be  much  greater  than  this. 

However,  even  with  this  transmission  cost  added,  Niagara 

power  is  delivered  in  Buffalo  to-day  to  customers  more  cheaply 
than  they  can  produce  it  themselves  by  isolated  plants.  The  saving 

in  cost  is  not  the  only  advantage.  The  elimination  of  the  steam 

boiler  and  engine  outfit  in  a  factory  by  the  use  of  Niagara  power 

is  a  luxury  and  a  convenience  which  has  many  incidental  commer- 
cial advantages. 

When  the  Niagara  enterprise  was  first  started  there  was  a 

great  deal  of  talk  about  operating  all  the  factories  in  New  York 

State  by  Niagara  power.  Such  a  possibility,  under  the  present 

state  of  electrical  science,  is  theoretical  only ;  for  electric  power, 

transmitted  to  such  distances  by  present  methods,  could  not  possibly 

compete  with   steam.     In  theory,   Niagara  power  can  be   sent  to 
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San  Francisco  in  any  amount,  but  its  cost,  when  it  got  there,  would 
be  prohibitive. 

Another  argument  against  transmitting  Niagara  power  to  a 
long  distance  from  the  Falls,  is  that  it  is  not  commercially  necessary 
to  do  so.  There  will  be  probably  a  sufficient  market  for  power 

within  a  50-mile  radius  of  the  power  house  to  use  up  all  the  power 
which  has  thus  far  been  developed,  and  it  is  likely  to  continue  so. 
It  is  cheaper  for  the  factories  to  locate  near  the  Falls  than  to  carry 
the  power  a  long  way  to  the  factories. 

One  exception  to  this  general  tendency  against  the  transmission 

of  Niagara  power  to  long  distances  is  in  the  case  of  the  steam  rail- 
roads mentioned  above.  If  they  change  over  to  the  use  of  electric 

power,  it  is  likely  that  they  will  use  Niagara  power  wathin  a  circle 
of  wide  radius  about  the  Falls,  possibly  100  to  150  miles.  In 
their  case  the  conditions  are  peculiarly  favorable  for  long  distance 
transmission.  They  will  use  power  on  a  large  scale,  and  will  have 

their  own  private  rights  of  way,  without  extra  cost  for  the  installa- 
tion of  their  overhead  circuits.  Furthermore,  they  will  have  to 

compete  electrically  only  with  steam  power  as  developed  in  the 
locomotive,  which,  as  is  well  known,  is  a  very  expensive  method  of 

utilizing  the  energy  of  coal,  as  compared  with  a  stationary  engine. 
At  present  the  power  distributed  by  the  Niagara  Falls  Power 

Co.  might  be  divided  into  3  classes. 
First.  The  local  service  to  electro-chemical  and  other  in- 

dustries within  the  city  limits  of  Niagara  Falls.  This  at  present 

aggregates  about  45,000  horse  power,  divided  among  30  indus- 
tries. The  largest  users  are  the  electro-chemical  plants,  which  re- 

quire current  either  for  electrolysis  or  for  the  production  of  the  very 
high  temperatures  obtainable  in  the  electric  furnace  by  which 
the  reactions  in  their  processes  are  brought  about. 

Second.  The  Canadian  service  across  the  upper  steel  arch 

bridge  to  industries  and  electric  railroads  in  Canada,  reaching  as 
far  as  St.  Catharines.  This  use  is  small  at  present,  but  it  is  the 
beginning  of  an  industrial  growth  on  the  Canadian  side  of  the  river, 
which,  in  my  opinion,  will  be  very  extensive  in  a  few  years.  It 
now  amounts  to  about  2000  horse  power. 

Third.  Long  distance  service  to  Buffalo,  Tonawanda,  Lock- 
port  and  Olcott,  which  now  amounts  to  a  total  of  about  30,000 
horse  power.  In  Buffalo  approximately  24,000  horse  power  is 
used,  divided  among  a  very  large  number  of  customers,  making 
use  of  the  power  for  all  kinds  of  purposes.  This  includes  the 
power  for  operating  the  Buffalo  street  cars  and  the  electric  lights 
in  the  citv. 
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In  Tonawanda  about  4000  horse  power  is  used  for  railway, 

lighting  and  miscellaneous  power  purposes. 

In  Lockport  the  use  amounts  to  about  1500  horse  power  for 

railway  and  miscellaneous  purposes.  Five  hundred  horse  power 

is  used  at  Olcott  for  operating  one  of  the  substations  of  the  Inter- 
national Railway  Co.  This  station  is  39  miles  from  the  Falls,  which 

is  at  present  the  longest  distance  to  wdiich  Niagara  power  is  trans- 

mitted. All  the  freight  on  the  International  Railroad,  between  Ol- 
cott and  Tonawanda,  is  handled  by  Niagara  power  by  means  of 

electric  locomotives. 

It  is  hoped  that  this  brief  outline  will  give  an  idea  of  the  pres- 
ent status  of  the  Niagara  Falls  Power  Co.  system.  It  represents, 

how^ever,  merely  the  beginning.  In  this  country  great  cities  have 

sprung  up  in  certain  localities  for  reasons  far  less  important  com- 
mercially than  the  conditions  which  exist  on  the  Niagara  frontier 

to-day.  It  is  the  center  of  population  of  the  continent,  approxi- 
mately a  focus  of  all  the  great  trunk  line  railroads,  and  unlimited 

cheap  power  for  manufacturing  is  available.  It  is  also  the  eastern 

terminus  of  the  Great  Lakes'  commerce.  This  latter,  if  the  Ni- 
agara River  is  deepened,  will  be  extended  almost  to  the  brink  of 

the  Falls  themselves,  affording  20  miles  of  sheltered  dock  front. 

The  day  will  come  when  we  shall  see  a  steamless  city,  reaching 

unbroken  from  Buffalo  to  the  Falls,  the  industrial  triumph  of 

Niagara's  power. 
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PROGRESS  IN^  RAILROAD  BRIDGE  BUILDING. 

By  F.  C.  McMath,  President  of  the  Detroit  Engineering  Society. 

[Address  delivered  at  the  Tenth  Annual  Banquet  of  the  Society,  April  29, 

1904.*] 
It  is  probably  safe  to  say  that  nowhere  in  the  world  has  the  art 

of  bridge  building  progressed  faster  than  in  the  United  States. 

Previous  to  i860  practically  all  of  our  truss  bridges  were  of  timber 

construction — mainly  of  the  Howe  truss  type.  About  this  date  the 

building  of  spans  with  cast-iron  compression  members  and  wrought- 
iron  tension  members  became  the  fashion,  and  a  few  metal  bridge 

building  establishments  sprang  up ;  each  concern  usually  adhering 

to  some  particular  type  of  construction,  such  as  the  Fink  truss  or 

Bollman  truss.  It  may  interest  the  members  of  the  Society  to  know 

that  the  old  Detroit  Bridge  and  Iron  Works  was  one  of  these  pioneer 

companies  and  built  bridges  under  the  Bollman  patents.  ]\Ietal 

bridges  were  something  of  a  luxury  in  those  days,  the  old  records 

of  the  Detroit  Bridge  and  Iron  Works  showing  prices  from  8  to  10 

cents  per  pound.  Not  many  railroads  could  afford  metal  structures 

at  such  figures,  and  combination  wood  and  iron  bridges  began  to  be 

largely  used,  especially  by  the  railroads  in  the  West. 

About  1880,  bridges  constructed  entirely  of  wrought  iron  began 

to  be  commonly  used.  Seven  or  eight  years  later,  steel  eyebars 

were  substituted  for  wrought-iron  tension  members,  and  about  1890 
the  iron  compression  members  had  to  give  way  to  those  of  steel. 

The  change  from  iron  to  steel  was  opposed  by  many  engineers, 

but  steel  won  the  day  on  account  of  its  lower  cost. 

During  the  period  of  change  in  the  materials  of  bridge  build- 
ing, a  very  great  change  took  place  in  the  weight  of  rolling  stock. 

In  i860  an  ordinary  locomotive  and  tender  would  weight  about 

40  tons ;  in  1880  a  66-ton  engine  was  thought  a  monster.  In  1890 
engines  of  100  tons  were  believed  to  be  about  the  limit,  but  now 

there  are  plenty  of  engines  weighing,  with  tender,  140  to  150  tons. 

These  radical  increases  in  loads  naturally  have  had  a  marked  effect 

on  the  bridge  building  industr}^  A  bridge  built  for  the  loads  of 

i860  needed  renewal  about  1880,  and  structures  designed  for  1880 

conditions  had  to  come  out  before  1900.  This  is  an  understatement 

rather  than  an  exaggeration.  I  know  of  one  structure  in  Michigan 

that  has  been  renewed  no  less  than  three  times  by  one  company.  It 

is  doubtful  whether  the  limit  in  loads  has  yet  been  reached,  but 

*  [Manuscript  received  June  i,  1904. — Secretary,  Ass'n  of  Eng.  Socs. 
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this  is  a  matter  for  the  railroad  engineers  to  worry  about ;  not  for 
the  bridge  builder  to  lose  sleep  over. 

Pin-connected  spans  have  been  the  favorite  type  in  the  United 
States  from  the  earliest  days  of  metal  bridge  building.  Some  years 

ago  quite  a  controversy  arose  between  American  and  English  en- 
gineers as  to  the  relative  merits  of  pin  and  riveted  spans,  the  latter 

being  the  distinctly  English  type.  xVmerican  engineers  apparently 

had  the  best  of  the  argument,  the  pin  structures  being  unquestion- 
ably lighter  in  weight  and  cheaper  to  erect.  In  recent  years,  how- 

ever, a  strong  tendency  has  set  in  toward  the  use  of  riveted  struct- 
ures for  spans  of  short  or  moderate  length.  Most  bridge  engineers 

would  not  now  use  pin  designs  for  spans  less  than  125  feet;  and 

a  few  railroads,  such  as  the  New  York  Central  Railroad,  have  prac- 
tically cut  out  pin  bridges  altogether  and  are  now  making  the  riveted 

bridge  their  standard  type.  In  Canada  the  riveted  bridge  has  been 
in  favor  for  some  time  by  the  leading  railroad  companies,  being  used 
quite  generally  for  all  spans  up  to  200  feet,  whether  single  or  double 
track. 

There  can  now  be  no  question  that  the  English  engineers  were 
pretty  much  in  the  right  in  their  old  contention  in  favor  of  riveted 

bridges — at  least  for  spans  less  than  200  feet,  which  cover  the  bulk 
of  ordinary  railroad  structures.  American  engineers,  however, 

have  by  no  means  copied  English  designs,  even  if  they  are  coming 
around  to  the  English  type. 

American  designs  use  longer  panels  and  much  deeper  trusses, 
and  on  this  account  our  structures  are  lighter,  stiffer,  better  and 
cheaper  than  the  English.  For  some  occult  reason  the  English 
engineer  feels  that  the  slope  of  his  diagonal  truss  members  must  be 

exactly  45^,  if  possible,  and  that  the  depth  of  truss  must  not  exceed 
■J  the  span  length.  His  adherence  to  these  thumb  rules  makes  his 
designs  heavy  and  expensive,  and,  for  short  spans,  often  defective 
in  their  top  chord  bracing.  They  use  difficult  details,  apparently 
taken  from  their  shipbuilding  practice,  where  probably  there  are 
good  reasons  for  their  use,  for  it  must  be  admitted  that  they  are 
masters  of  the  art  of  shipbuilding. 

During  the  past  few  years  a  marked  improvement  has  been 
made  in  bridge  floors.  Timber  floors  are  still  in  general  use,  but 
cross  ties  and  guards  are  now  much  more  substantial  than  formerly, 
and  the  space  between  the  ties  has  been  reduced  from  8  inches  or 
more  down  to  4  inches.  Some  of  the  trunk  lines  are  abandoning 
timber  floors  altogether,  and  are  using  solid  metal  floors  carrying 
gravel  or  rock  ballast.  These  floors  are  exceedingly  satisfactory 
in  actual  use,  their  great  weight  and  rigidity  reducing  impact  and 
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vibration  to  a  minimum.  The  only  objection  to  such  floors  lies 

in  their  higher  first  cost  and  liability  to  deterioration  by  rust.  The 
most  common  type  of  solid  floor  is  the  trough  floor,  but  it  is  expen- 

sive and  very  difficult  to  protect  against  rust.  It  may  interest  the 
Society  to  know  that  the  cheapest  and  best  type  of  solid  floor  is 
one  designed  by  a  member  of  this  Society.  It  is  in  general  use  on 
the  Michigan  Central  Railroad,  and  is  being  used  to  an  increasing 

extent  by  other  roads.  A  proper  name  for  this  type  would  be  "the 

Douglas  Solid  Floor." 
In  the  last  two  decades  great  progress  has  been  made  by  the 

manufacturers  of  bridges.  General  methods  and  processes  have 

shown  no  radical  changes ;  but  better  system,  more  powerful  ma- 
chinery, pneumatic  and  electric  handling  devices,  have  reduced 

costs.  Bridge  shops  have  greatly  increased  in  number  and  in  capac- 
ity. Fifteen  years  ago  no  single  concern  had  a  capacity  exceeding 

2000  tons  of  bridge  work  per  month.  This  output  at  the  present 
time  is  far  exceeded  by  many  shops,  and  there  is  now  a  single  plant 
with  an  estimated  monthly  capacity  of  20,000  tons.  This  is  the 
new  plant  recently  completed  by  the  American  Bridge  Company, 

at  Ambridge,  near  Pittsburg.  Some  idea  of  the  scale  of  the  con- 
cern will  be  gained  when  it  is  known  that  provision  has  been  made 

in  the  office  for  upward  of  500  draughtsmen.  Single  pieces  weigh- 
ing 80  tons  can  be  made  and  handled  in  this  shop.  Eyebars  16 

inches  wide  can  be  made  in  the  forge  department. 

Structures  can  be  built  to-day  that  would  have  been  impossible 
a  few  years  ago.  This  is  the  day  of  big  things  in  bridge  building, 
as  well  as  in  other  lines  of  work.  More  huge  bridges  are  under 

way  than  ever  before.  A  671 -foot  cantilever  span  is  being  built 
over  the  Mississippi  River,  at  Thebes,  111.  The  Wabash  Railroad 

is  about  completing  2  huge  cantilevers — one  of  700  feet  span 
over  the  Ohio,  and  one  of  812  feet  over  the  Monongabela  River. 

At  Quebec  a  cantilever  span  is  being  built  over  the  St.  Lawrence 

River,  with  a  record-breaking  span  of  1800  feet.  At  New  York  a 
1600-foot  wire  cable  suspension  bridge  over  the  East  River  has 
been  completed,  and  contracts  have  been  let  for  a  second  bridge  of 
cantilever  construction,  with  a  span  of  1182  feet.  Plans  are  under 

way  for  a  third  bridge  of  1470  feet  span,  suspension  type  with  eye- 
bar  cables. 

In  these  last  two  structures,  nickel-steel  eyebars  are  to  be  used 

for  the  first  time.  The  specifications  for  these  bridges  require  full- 
sized  annealed  nickel-steel  eyebars  to  have  an  ultimate  tensile 
strength  of  not  less  than  85,000  pounds  per  square  inch,  whereas 
the  minimum  permitted  for  ordinary  steel  eyebars  is  only  56,000 
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pounds.  It  is  thus  apparent  that  the  nickel-steel  is  about  50  per 

cent,  stronger  than  the  ordinary  steel,  a  gain  of  enormous  impor- 

tance in  bridge  building.  If  nickel-steel  can  be  supplied  at  reason- 
able figures,  it  will  be  widely  used,  especially  in  long  spans. 

The  former  head  of  the  United  States  Steel  Corporation,  Mr, 

Schwab,  is  evidently  a  believer  in  the  future  of  nickel-steel,  as  he 

has  cornered  the  supply  of  nickel.  His  concern,  The  Orford  Cop- 

per Co.,  is  now  arranging  for  the  rolling  of  a  quantity  of  nickel- 
steel  plates  and  angles  with  a  view  to  having  bridge  shops  try  them 

under  the  ordinary  processes  of  construction.  If  no  unforeseen 

difficulties  are  encountered,  it  should  be  feasible  to  use,  in  long 

spans,  nickel-steel  for  compression  members  as  well  as  for  eyebars. 

Progress  in  bridge  building  has  certainly  been  of  great  mag- 
nitude in  the  past,  but  there  is  still  plenty  of  opportunity  for  further 

development  and  improvement.  Some  of  the  advocates  of  concrete- 

steel  are  prophesying  the  substitution  of  concrete-steel  in  place  of 
steel  girders  for  short  railroad  bridges,  but  the  metal  bridge  builders 

are  not  yet  particularly  worried  over  prospective  loss  of  this  business. 

There  is  yet  much  to  be  done  in  the  way  of  standardizing  bridge 

spyecifications.  A'arious  opinions  are  still  held  by  engineers  regard- 
ing the  quality  of  steel  to  be  used,  loads  to  be  provided  for,  and 

permissible  unit  strains. 

Prof.  Heller,  of  the  Ohio  State  University,  has  recently  made 

an  interesting  comparison  of  railway  bridge  specifications.  He 

made  a  detailed  comparison  of  about  30  railroad  specifications,  and 

found  a  surprising  lack  of  uniformity.  Selecting  a  certain  mem- 

ber of  the  bottom  chord  of  a  134-foot  span,  he  found,  under  a  given 
loading,  the  total  stress  to  be  270,000  pounds.  Using  the  averages 

of  unit  stresses  of  28  different  specifications,  he  found  25.4  square 

inches  of  metal  required  to  resist  this  strain.  The  area  required 

by  the  lightest  specification  was  11.4  per  cent,  below  the  average, 

whereas  the  heaviest  specification  required  18.6  per.  cent,  more 

area,  the  total  variation  thus  amounting  to  30  per  cent.  He  made 

similar  calculations  for  the  stringers  of  the  same  span,  and  found 

a  total  variation  of  55  per  cent,  from  the  average. 

Bridge  designing  is  supposed  to  be  one  of  the  exact  sciences, 

but  it  is  very  evident  that  there  is  no  reason  for  bridge  engineers 

to  brag  of  exactness  when  their  opinions  of  unit  stresses  vary  to 

the  extent  shown  above.  It  is  to  be  hoped  that,  at  some  not  very 

distant  day,  they  will  get  together  and  adopt  a  standard  specifica- 
tion. Strong  efforts  are  now  being  made  in  this  direction,  and  it 

is  the  devout  wish  of  the  bridge  builder  that  thev  may  be  successfuL 
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PROCEEDINGS. 

Engineers'  Society  of  Western  ]^^e^v  York. 

AxxuAL  Meeting.  Buffalo,  N.  Y.,  December  21,  1903. — The  meeting 
was  held  in  the  rooms  of  the  Society,  533  Ellicott  Square,  on  Tuesday, 

December  i,  1903,  Vice-President  Norton  in  the  chair. 

Mr.  Geo.  B.  Bassett  was  appointed  to  examine  the  reports  of  the  Secre- 
tary and  the  Treasurer. 

The  reports  of  the  officers  were  received.  The  meeting  then  proceeded 
to  count  the  ballots  for  officers.  The  Vice-President  declared  that  the  follow- 

ing persons  were  elected : 

President — Chas.  E.  P.  Babcock. 

Vice-President — Thomas  W.  Wilson. 

Director  (for  one  year) — Samuel  J.  Dark. 

Director   (for  three  years) — Louis  H.  Knapp. 
Secretary— Harry  B.  Alverson. 

Treasurer — Frank  N.   Speyer. 
Librarian — William  A.  Haven. 

The  meeting  then  adjourned  to  meet  at  8  o'clock  in  the  evening,  at  the 
University  Club.     At  the  adjourned   meeting  about  fifteen   members   were 

present,  and  during  the  evening  they  discussed  the  state  of  the  Society  and 
suggested  various  plans  for  its  improvement,  and  adjourned  at  midnight. 

(Signed)  Lee    W.    Eighmy,    Secretary. 

Annual  Report  of  the  Secretary,  1903. 

To  the  President  and  Members  of  the  Engineers'  Society  of  Western  Nezu 
York: 

I  submit  the  following  annual  report  for  1903  : 

Total  Membership,  December  i,   1902    84 

Total  membership^  December  — ,  1903   83 

Consisting  of:  "  , 
Honorary  member        i 
Members      65 

Associates  . .  -  ■   .,     13 

Juniors          4 
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MONEYS. 

Amounts  received  December  i,  1902,  to  December  i,  1903: 

For  entrance  fees       $40.00 

For  dues        49375 
For  key  deposits    75 
For  Journal  advertisements       50.00 
For  annual  dinner  fees         2.00 

For  extra  printed  copies  of  paper  on  "Metric  System"         5.00 

Total     $591.50 

Amount  deposited  with  the  Treasurer,   1903   $591-50 

The  Society  has  held  eight  meetings  during  the  last  year,  at  which  the 
following  papers  were  presented  : 

January. — "Abatement  of  the  Smoke  Nuisance  in  the  City  of  Buffalo" — 
report  of  special  committee — read^by  Mr.  Louis  H.  Knapp. 

February. — "Hydraulic  Questions  of  the  Proposed  Buffalo  River  Im- 
provement," by  Mr.  Geo.  H.   Norton. 

March. — "Track  Construction  of  the  International  Railway  Company  in 
Buffalo,"  by  Mr.  Thos.  W.  Wilson. 

April. — "Good  Roads,"  by  Mr.  George  C.  Diehl. 

May. — "Value  of   Inspection,"    by  Mr.    Walter   H.    Golden. 

June. — "Telephony,"   by  Mr.   Wilbur  H.  Johnson. 
October. — "Observations  on  the  Littoral,  Easterly  End  of  Lake  Erie 

und  Head  of  Niagara  River,"  by  Dr.  Geo.  E.  Fell. 
There  was  no  quorum  at  the  September  meeting  and  no  literary  program 

for  the  November  meeting,  which  was  held  on  the  night  of  "Election,"  and 
it  has  been  suggested  that  the  November  meeting  date  be  changed  on  this 
account. 

A  paper  was  read  before  the  Society  at  every  meeting  except  this  one. 

The  average  attendance  has  been  twelve.  That  was  also  the  average  attend- 
ance for  1902,  during  which  four  papers  were  presented.  Mr.  Roberts,  the 

Secretary  for  that  year,  suggested,  in  his  annual  report,  that  if  more  papers 
could  be  had,  the  attendance  would  be  increased ;  this  is  not  borne  out  by 
the  record. 

Twelve  meetings  of  the  Executive  Board  have  been  held  since  December 

I,  1902,  with  an  average  attendance  of  five. 
One  amendment  was  made  to  the  Constitution,  viz  :  To  allow  all  classes 

of  membership  to  vote  and  hold  office. 
I  would  respectfully  request  that  the  President  appoint  a  committee  to 

examine  my  books  before  I  turn  them  over  to  the  newly  elected  Secretary. 
(Signed)  L.   W.   Eighmy,   Secretary. 

Annual  Report  of  Treasurer. 

Engineers'  Society  of  Western  Nezv  York. 
Gentlemen  : — As  your  Treasurer,  it  is  my  pleasure  to  submit  the  follow- 
ing report : 

receipts. 

From  G.   B.   Bassett,   retiring   Treasurer   $294.41 

From  the   Secretary  and  others   ".  571.60 
From  banks,   interest          10.53 

Total      $876.54 
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DISBURSEMENTS. 

Rent,  October,  1902,  to  September,  1903,  inclusive   $276.00 

Three  quarterly  assessments,  A.  E.  S       93-50 

Postage,  printing  and  stationery       93-32 
Binding,    magazines,    etc       24.60 

Subscriptions  for  magazines,  etc        15.20 

Stenographer,  t3-pe\vriting,  annual  dinner  and  sundries       55-58 
Erie  County  Bank  Fund    311-10 

Fidelity  Bank   Fund            7.24 
  $876.54 

BALANCE    ON    HAND. 

General  Fund         $6. 14 

Librarj^  Fund    '.       72.30 
Permanent  Fund     239.90 

  $318.34 

Respectfull}% 

(Signed)  F.  N.   Speyer,  Treasurer. 

Report  of  the  Librarian. 

To  the  Engineers'  Society  of  Western  New  York: 
The  following-named  periodicals,  magazines,  transactions,  reports,  etc., 

are  regularly  received  and  placed  on  the  shelves : 

"American  Society  of  Civil  Engineers."     (Transactions.) 

"American  Society  of  ̂ Mechanical  Engineers."     (Transactions.) 

"American  Institute  of  Electrical  Engineers."      ( Transactions. ") 
"Anales  Del  Instituto  De  Injenieros  De  Chile." 

"Association  of  Engineering  Societies."-     (Journal.) 

"Association  of  Civil  Engineers  of  Cornell  University." 
"Canadian  Society  of  Civil  Engineers."      (Transactions.) 
"Cassier's  Magazine." 

"Engineers'   Club  of  Philadelphia."    (Proceedings.) 
"Engineering  Xews." 
"The  Dirt  Mover." 

"The  Engineering  Magazine." 

"Engineers'   So.ciety  of  Western  Pennsylvania."      (Proceedings.) 
"Engineering  Index." 

"Mineral   Survey  of  the   State  of  Texas." 
"Municipal  Journal  and  Engineer." 
"Popular   ̂ Mechanics." 
"Railroad  Gazette." 

"Railway  and   Engineering  Review." 
"Railroad   Herald." 

"State  Engineer  of  New  York."     (Reports.) 
"Street  Railway  Journal." 
"United  States  Consular."     (Reports.) 

"United  States  Geological  Survey."     (Reports.) 
"United  States  Chief  of  Engineers."     (Reports.) 

"United  States  Coast  Survey."      (Reports.^. 

"United  States  Department  of  Agriculture  on  Forestry."      (Reports.) 
"United  States  Water  Supply  and  Irrigation."     (Reports.) 

"Western  Society  of  Engineers."     (Transactions.) 
"Wisconsin  University."      f Bulletins.) 
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As  soon  as  full  volumes  of  these  are  issued  they  are  bound  and  placed 
on  the  shelves. 

In  addition  to  the  above,  a  good  many  other  periodicals  are  sent  to  us 

at  irregular  times,  all  of  which  are  preserved  for  reference. 

There  are  now  on  the  shelves  380  bound  volumes  and  290  pamphlets. 

Sixty  volumes  of  periodicals  are  ready  for  binding  as  soon  as  the  finances 

will  admit.  Besides  these  there  are  in  the  library  upwards  of  500  pamphlets, 

periodicals,  transactions,  specifications,  maps,  plans,  etc. 

There  is  a  complete  file  of  bound  volumes  of  Engineering  News,  with 

the  exception  of  nine  volumes  between  1885  and  1891 ;  three  of  these  are 

complete,  with  the  exception  of  one  number  in  each  volume,  which  the 

librarian  has  been  trying  for  six  months  to  acquire  by  purchase. 

Through  the  kindness  of  our  members  we  receive  at  the  close  of  each 

year  a  large  number  of  periodicals,  so  that  we  have  on  hand  many  duplicates, 

which  are  for  sale  or  exchange. 

During_  the  past  j'ear  there  has  been  expended  for  the  library  the  fol- 
lowing sums,  viz  : 

For  binding  books   $24.60 
For  subscriptions  and  sundries      1307 

Respectfully  submitted, 

W.   A.   Haven,  Librarian. 

Civil  Engineers'  Club  of  Cleveland. 

The  rooms  of  the  Civil  Engineers'  Club,  in  the  Arcade,  were  filled 
almost  to  overflowing  Tuesday,  January  12th,  in  honor  of  President  Walter 

C.  Parniley,  of  the  Club,  the  regular  meeting  being  followed  by  an  informal 

reception  to  Mr.  Parmley.  who  will  leave  the  city  next  week  to  become 

general  manager  of  the  New  York  Cement  Company,  with  offices  in  New 
York  City. 

Mr.  Parmley  was  elected  to  the  Presidency  of  the  Club  last  March,  and 

had  all  but  completed  his  term.  He  leaves  Cleveland,  after  having  been 

connected  with  the  City  Engineer's  office  since  1896,  as  engineer  of  the 
intercepting  sewer  system,  which  is  now  designed  and  partially  completed. 

In  addition  to  the  management  of  the  New  York  Cement  Company,  which 

is  engaged  in  the  manufacture  of  cement  building  stones,  Mr.  Parniley  will 

continue  the  designing  and  constructing  of  concrete  and  steel  engineering 
work. 

At  the  reception  appropriate  speeches  of  regret,  congratulation  and 

eulogy  were  delivered  by  Robert  Hoffman,  Mr.  Parmley' s  successor  in  the 

City  Engineer's  Office;  ex-City  Engineer  M.  E.  Rawson  and  others,  and 
were  replied  to  by  Mr.  Parmley.  A  buffet  luncheon  was  served  at  a  late 
hour. 

The  following  Nominating  Committee  for  officers  for  the  ensuing  year 

was  elected :  M.  E.  Rawson,  J.  H.  Fox,  Jas.  Ritchie,  A.  A.  Honsberg,  A.  A. 
Skeels,  G.  T.  Nelles  and  W.  P.  Brown. 

Joe  C.  Beardsley,  Secretary. 
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Engriiieei's'  Club  of  St.  Louis. 

571  ST  ̂ Ieetixg.  St.  Louis.  ]Mo.,  December  16,  1903. — The  annual  dinner 

of  the  Club  was  held  at  the  Washington  Hotel,  President  Van  Ornum  pi'e- 
siding.     There  were  fortj'-seven  members  and  thirteen  guests  present. 

After  the  dinner  the  Club  was  called  to  order  by  the  President,  who 

announced  the  result  of  the  ballot  for  officers  for  the  year  1904,  as  follows : 

President — J.  A.  Ockerson. 
Vice-President — Robert  Moore. 

Secretary — R.  H.  Fernald. 
Treasurer — E.  E.  Wall. 

Librarian — E.  B.Fay. 

Directors — J.  L.  Van  Ornum  and  E.  A.  Hermann. 
Members  of  Board  of  Managers  of  Association  of  Engineering  Societies 

— F.  E.  Bausch  and  W.  C.  Toensfeldt. 

The  President  then  announced  that  the  annual  prize  for  the  best  paper 

read  during  the  j-ear  ending  July  i,  1903,  had  been  awarded  to  Mr.  C.  D. 

Purdon  for  his  paper  on  "Railway  Grade  Reduction,"  read  before  the 
Club.  May  6,  1903. 

The  address  of  the  retiring  President,  J.  L.  Van  Ornum,  upon  "Fable 
■^nd  Fact  as  Factors  of  Progress,"  was  then  presented,  and  was  followed 
by  appropriate  remarks  by  the  newly-elected  President,  J.  A.  Ockerson, 
who  acted  as  toastmaster  for  the  evening. 

Remarks,  both  serious  and  far  from  serious,  were  then  offered  by 

various  members  of  the  Club,  including  Messrs.  Philip  Moore,  John  Laird, 

R.  H.  Phillips.  C.  A.  Aloreno,'  L.  F.  Goodale  and  others. 
Although  Rear-Admiral  George  M.  Melville,  U.  S.  N.,  and  Lieut.  God- 
frey L.  Garden,  who  were  to  respond  to  toasts,  were  unable  to  be  present, 

much  pleasure  was  given  by  the  remarks  of  other  guests  of  the  evening, 
namely.  Dr.  Tarleton  H.  Bean,  Chief  of  the  Department  of  Forestry,  Fish 

and  Game;  Col.  F.  M.  De  Sousa  Aguiar,  President  of  the  Brazilian  Com- 
mission to  the  Louisiana  Purchase  Exposition,  and  Mr.  Wong  Kai  Kah, 

Vice-Commissioner  to  the  Exposition  from  China.  The  remarks  of  the 

last-named  speaker  upon  engineering  conditions  in  China,  past,  present 
and  future,  awakened  more  than  ordinary  interest  and  enthusiasm. 

R.  H.   Fernald,  Secretary. 

572D  Meeting,  St.  Louis,  Mo.,  January  6,  1904. — Held  at  the  Club 
Rooms,  709  Pine  Street,  at  8.15  p.m.;  President  Ockerson  in  the  chair. 

Present,  thirty-five  members  and  eight  guests. 
The  minutes  of  the  570th  and  S7ist  meetings  were  read  and  approved, 

and  the  minutes  of  the  359th  meeting  of  the  Executive  Committee  were  read. 
The  question  of  the  continuation  of  lunches,  with  the  lunch  fund 

showing  a  deficit,  was  discussed.  Upon  motion  of  Mr.  Bryan  it  was 
decided  to  discontinue  the  lunches  until  such  time  as  the  profits  from 

the  Bulletin  or  other  sources  (not  the  regular  general  funds)  shall  war- 
rant their  continuation. 

The  President  was  authorized  to  appoint  a  committee  to  prepare  a 
suitable  memorial  on  the  death  of  Mr.  George  W.  Fisher,  a  charter  member 
of  the  Club. 
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The  following  committees  were  appointed  bj^  the  President : 
Members  of  Governing  Board  of  the  Associated  Technical  Clubs  of 

St.  Louis — A.  H.  Zeller  and  F.  E.  Bausch. 

Committee  on  Smoke  Prevention — Philip  N.  Moore,  Edward  Flad, 
H.  H.  Humphrey,  E.  C.  Parker  and  N.  W.  Perkins. 

Committee  on  Entertainment — F.  E.  Bausch,  T.  M.  Post  and  S.  E. 
Freeman. 

The  paper  of  the  evening,  on  "Vital  Statistics  of  St.  Louis  Since 

1840,"  was  presented  h}'  Mr.  Robert  Moore.  Mr.  Moore  gave  a  most  inter- 
esting account  of  the  causes  of  varying  percentages  in  the  yearly  death  rate ; 

he  showed  conclusively,  the  continued  decrease  in  the  death  rate  since  1840, 

as  indicated  by  the  following  figures : 

Total  Death  Rate  per  iooo. 

1841-50.       1851-60.       1861-70.       1871-80.       1881-90.       1891-1900. 
51.47  40.84  30.33  22.26  20.51  18.74 

Tables  and  charts  showing  the  deaths  caused  by  consumption  and 
typhoid  fever  and  the  death  rate  of  children  under  five  years  of  age  brought 

out  many  important  facts,  and  the  relations  between  the  number  of  deaths 

from  typhoid  fever  and  the  opening  of  certain  sewers  in  St.  Louis  were 
clearly  demonstrated. 

The  discussion  which  followed  the  reading  of  the  paper  was  partici- 
pated in  by  Messrs.  Flad.  Wheeler,  Ockerson,  Turner.  Johnson,  Humphrey, 

Swope  and  others. 

Adjourned.  R.  H.  Fernald,  Secretary. 

573D  Meeting,  St.  Louis,  Mo.,  January  20,  1904. — The  meeting  was 
held  at  the  Club  Rooms,  709  Pine  Street,  at  8.15  p.m.  ;  President  Ockerson  in 

the  chair.     The  minutes  of  the  572d  meeting  were  read  and  approved. 

Mr.  Sherman  Worcester  Bowen  was  elected  to  membership.  The 
President  appointed  Mr.  P.  N.  Moore,  Mr.  W.  A.  Wise  and  Mr.  R.  E. 
McMath  as  a  committee  to  prepare  a  suitable  memorial  on  the  death  of 
Mr.  G.  W.  Fisher. 

Applications  for  membership  were  read  from  Mr.  H.  H.  Morrison,  Mr. 
F.  H.  Vose  and  Mr.  P.  R.  Goodwin. 

Mrs.  S.  B.  Russell,  Chairman  of  the  World's  Fair  Committee,  presented 
a  report  embodying  the  following  recommendations  : 

That  a  young  engineer  be  installed  at  the  rooms  of  the  Club  from  May 

I  to  December  i,  1904,  to  greet  and  welcome  visiting  engineers  and  give 
them  such  directions  as  would  enable  them  to  reach  the  points  of  local 

interest  they  might  wish  to  see.  Also,  that  a  Bell  telephone  be  installed 
in  the  rooms  of  the  Club,  and  that  an  effort  be  made  to  induce  the  two 

architectural  societies  sharing  the  Club  Rooms  to  share  the  expense. 

That  the  Club  be  requested  to  authorize  the  committee  to  call  on  volun- 
teers from  the  Club  to  assist  in  meeting  and  entertaining  visiting  engineers. 

That  the  committee  recommend  the  preparation  of  a  pamphlet  consist- 
ing of  four  sections,  as  follows : 

"World's  Fair  Section." 

"Engineering  Guide  to  St.  Louis  and  Vicinity." 
"Local  Engineering  Data." 
"Engineers'  Club  Bulletin." 
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Upon  motion  of  Professor  Xan  Ornum,  the  CKib  indorsed  the  plan  out- 
lined by  the  committee. 

The  paper  of  the  evening,  upon  "International  ^lorality  and  the  Panama 
Question,"  was  then  presented  by  Prof.  Arthur  O.  Lovejoy,  Professor  of 
Philosophy  at  Washington  University. 

In  showing  the  action  of  the  United  States  Government  to  be  justified, 

the  following  points  were  brought  out  by  the  speaker :  Has  one  part  of  a 

countrj-  the  right  to  secede?  ^lorally,  opinion  is  generally  in  favor  of  the 
right  of  secession,  but  this  may  be  easily  counterbalanced  by  reasons,  such 
as  geographical  conditions,  manners,  etc.,   of  the  different  peoples  forming 

the  whole   Panama  has  long  been  the  cow  which  Colombia  has 
milked,  by  taxes,  etc.  United  States  intervention  was  a  good  thing  to  the 

people  of  that  country,  and  to  the  whole  world,  because  of  its  final  conse- 
quences. Compare  United  States  intervention  in  the  Panama  question  with 

the  aid  rendered  this  country  by  France  in  the  War  for  Independence. 
There  is  a  moral  right  to  intervene  where  what  happens  in  the  back 

yard  of  a  neighboring  nation  affects  the  health  and  well-being  of  a  nation. 
Inasmuch  as  there  is  no  power  with  the  right  of  eminent  domain,  then  the 

strong  powers  can  and  should,  if  with  pure  intentions,  intervene,  to  see 

that  the  countrj^  doing  a  wrong  to  the  whole  is  restricted  for  the  benefit 
of  the  majority.  In  the  Panama  question  it  is  right  that  the  canal  should 

be  open  for  the  use  of  the  world  by  the  nation  through  whose  territory  it 

passes,  and  if  that  nation  refuses  to  permit  another  nation  to  do  that  work 

for  it  under  reasonable  conditions  and  offer  a  very  liberal  indemnity,  is  there 
not  an  international  right  of  eminent  domain  morally? 

Mr.  Robert  Moore  discussed  the  paper  at  son  e  length,  bringing  out 
many  points  of  interest.     He  .said,  in  part : 

■'If  we  look  at  this  matter  in  the  light  of  general  welfare,  either  our 
own,  or  Panama,  or  the  whole  of  South  America,  that  there  was  no  justi- 

fication whatever  on  the  part  of  the  Government  of  Colombia  for  blocking 

the  way  as  they  intended  to  do,  and  still  less  justification  when  we  take 

into  account  the  very  obvious  reason  for  the  delay  in  order  to  extort  a 
larger  price  from  the  United  States,  both  by  virtue  of  the  lapse  of  the 

franchise  of  the  Frenchmen  and  the  proportion  which  we  offered  to  the 
Frenchmen  of  $10,000,000.  I  think  the  whole  matter  entirely  justified  on  the 

whole  ground  of  the  interest  of  America  and  of  right   The  whole 

talk  of  the  Panama  secession  as  a  speculation  of  a  lot  of  gamblers  is  ex- 

tremely silly  as  affecting  the  United  States  in  the  case." 
The  Club  was  pleasantly  entertained  by  the  remarks  of  one  of  the 

guests  of  the  evening,  Mr.  A.  Q.  Prada,  of  Colombia,  who  took  exceptions 

to  the  views  previously  presented.  The  following  points  were  brought  out : 

Xo  man  can  find  anything  that  would  indicate  that  Panama  was  dis- 
gusted with  Colombia.  It  was  an  independent  State  with  its  own  laws. 

One  State  cannot  oppress  another  while  both  States  have  equal  rights. 
.  .  .  .  Colombia  has  never  done  anything  to  mar  her  standing  as  a 

nation,  and  she  is  to-day  one  of  the  most  promising  republics  in  the  world, 
taking  into   account  her   short  political   existence  of  eighty  odd  years   and 
the  question   of  how    many   things   Colombia   has   accomplished   

The  treaty,  as  written  and  prompted  by  the  United  States  at  Washington, 
was  not  acceptable  to  Colombia,  as  Con.stitutional  objections  were  involved. 

The  Bogota  Government,  upon  refusing  the  treaty,  did  not  intend  to-  quash 
proceedings  and  prevent  the  United   States  from  building  the  canal.     She 
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was  willing  to  make  a  treaty  more  satisfactory  to  both  parties.  'I"he  treaty 
with  France  did  not  involve  the  questions ;  the  treaty  with  the  United  States 

did.  France  was  willing  to  take  a  concession  for  ninetv-nine  years.  The 
United  States  did  not  want  anything  but  perpetual  sovereignty,  whicli  the 
Colombian  Constitution  prohibited.  The  United  States  would  feel  affronted 

if  a  European  country  offered  to  buy  a  part  of  its  territory.  Colombia  felt 
the  same  way.  They  did  not  wish  to  dismember  their  country.  If  the 

United  States  had  been  willing  to  build  the  canal  under  the  French  propo- 
sition, the  canal  would  to-day  be  nearly  completed.  But  the  United  States 

wanted  too  much :  wanted  the  territory  itself,  which  Colombia  would  not 
assent  to. 

The  paper  was  further  discussed  by  Professor  Van  Ornum,  Mr.  Ernest 

McCullough  and  Mr.  Robert  Burgess,  the  last  speaker  stating  that :  "In  some 
three  weeks  in  the  city  of  Panama,  in  talking  with  people  and  their  acquaint- 

ances, I  got  the  impression  that  Panama  was  very  closely  tied  to  the  rest 

of  the  country,  but  they  did  not  feel  that  they  really  belonged  to  it.  They 

are  almost  universally  in  favor  of  the  new  government." 
A  vote  of  thanks  of  the  Club  was  extended  Professor  Lovejoy  and  the 

gentleman  from  Colombia  (Mr.  A.  O.  Prada)  for  their  interesting  and 
instructive  addresses. 

Adiourned.  R.   H.   Fernald,  Secretary. 

Technical   Societv  of  tlie  Pacific  Coast. 

Regular  Meeting,  San  Francisco,  Cal.,  December  4,  1903.— Called  to 
order  at  8.30  p.m.  by  President  D.  C.  Henny. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  names  were  elected  to  membership :  Joseph  Jacobs,  civil 
engineer;  Robert  Hauxhurst,  Jr.,  civil  engineer;  M.  C.  Couchot,  civil 
engineer;  and  instructed  to  be  added  to  the  list. 

The  election  of  a  Nominating  Committee  to  select  a  ticket  of  officers  for 

the  ensuing  year  being  in  order,  the  following  members  were  chosen  and 
elected  in  due  form,  and  the  Secretary  was  instructed  to  notify  them  of  their 
election  and  their  duties :  Chas.  D.  Marx,  chairman ;  Marsden  Manson, 
F.  C.  Herrmann,  Hermann  Barth  and  Hermann  Kower. 

The  adoption  of  the  resolutions  to  amend  the  By-laws  to  the  extent  of 
confining  the  meetings  of  the  Society  to  two  during  the  year,  as  recommended 
by  the  committee  at  the  last  November  meeting,  and  there  read  for  the  first 

time  to  be  ratified  and  approved  at  the  December  meeting,  was  then  taken 
up  in  regular  form. 

The  Secretary  read  the  amendments  as  proposed,  and  the  Society  acted 

upon  each  individually,  retaining  the  general  proposition  embodied  in '  the 
recommendation,  but  introducing  alterations  in  minor  details,  adopting  by 
vote  the  amendments  in  regular  order,  as  follows : 

A — Strike  out  Section  2,  Article  I.  of  the  By-laws,  which  reads : 

"Section  2.     The  regular  stated  meetings  of  the  vSociety  shall  be  held 
on  the  first  Friday  of  each  month,  at  the  hall  of  the  Society,  at  8  p.m."" 
and  substitute  therefor : 

"The  regular  stated  semi-annual  meetings  of  the  Society  shall  be  held 
as  follows :     One,  the  spring  meeting,  either  in  April  or  May,  and  the  other. 
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the  fall  meeting,  either  in  September  or  October  of  each  year,  the  precise 

■date  and  place  of  meeting  to  be  left  to  the  discretion  of  the  Board  of  Direc- 
tors, who  shall  arrange  a  program  and  announce  such  date  and  place  at  least 

thirty  days  before  the  meeting,  which  is  to  be  held  for  the  purpose  of  read- 
ing and  discussing  technical  papers,  as  well  as  for  stimulating  professional 

■and   social  intercourse  among  members." 
B — Amend  Section  3,  Article  I.  by  placing  before  the  present  section 

the  following  words : 

"Monthly  stated  meetings  may  be  held  on  the  tirst  Friday  of  any  month, 
■excepting  that  of  Juh-,  for  the  transaction  of  the  ordinary  business  of  the 

Society  and  for  informal  topical  discussions." 
C — Strike  out  all  of  Section  5,  Article  I,  which  would  be  in  conflict  with 

Section  2  as  now  amended. 

Amendments  A,  B  and  C,  as  here  recorded,  were  approved  by  vote,  and 

the  Secretary  was  instructed  to  incorporate  them  in  the  By-laws. 
No  further  business  appearing,  the  meeting  adjourned. 

Otto  von  Geldern,  Secrctarv- 

Regul.xr  ^Meeting,  San  Francisco,  Cal.,  January  2,  1904. — Called  to 

order  at  8.30  p.m.  by  Past-President  Dickie- 
The  minutes  of  the  last  regular  meeting  of  December  were  read  and 

approved. 
The   Secretary  of  the   Xominating  Committee  reported  as  follows : 

San  Francisco,  December  26,  1903. 

Your    Committee    on    Nomirtations    of    Officers    for    the    ensuing    term 

desires  to  make  the  following  report : 
For  President — Geo.  W.  Dickie. 

For  Vice-President — Franklin  Riffle. 

For  Secretary — Otto  Von  Geldern. 
For  Treasurer — E.  T.   Schild. 

For  Directors — C.  E.  Grunsky,  L.  J.  Lc  Conte,  H.  D.  Connick,  Adolf 
Lietz  and  Carl  Uhlig, 

Respectfully  submitted, 

F.  C.  Herrmann,  Secretary  of  Committee. 

The  Secretary  was  instructed  to  prepare  these  names  for  ballot,  in 

time  for  the  annual  meeting  to  be  held  January  22,  1904,  and  the  Chairman 
appointed  the  following  tellers :     George  H.  Wallis  and  Leon  S.  Quimby. 

Past-President  Dickie  explained  at  length  a  movement  on  foot  by  the 

Chamber  of  Commerce  of  London  to  carry  on  an  extensive  course  of  tech- 
nical lectures  in  the  principal  cities  of  the  United  States.  These  lectures 

are  elaborately  prepared  and  illustrated  by  numerous  costly  lantern  slides, 

and  touch  upon  almost  every  field  of  technical  activity.  The  expenses  are 

to  be  borne  by  'Sir.  Morgan,  including  the  renting  of  the  hall  for  the 
purpose  and  the  apparatus  for  illustration.  Mr.  Dickie  desired  to  know 
whether  the  Society  would  agree  to  entertain  any  proposition  encouraging 

the  holding  of  these  lectures  which  would  be  absolutely  without  any  expense; 
the  matter  had  been  laid  before  him  by  men  prominently  connected  with 

this  enterprise,  and  he  asked  whether  any  inducements  would  be  held  out 

by  the  Technical  Society  to  give  it  its  support. 
Colonel   Wallis   thought   the   idea   a   very   good   one  and   suggested   that 
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the  Society  agree  to  hold  this  course  of  lectures  in  San  Francisco  under 

its  auspices,  and  moved  that  Mr.  Dickie  inform  the  patrons  that  the 

Technical  Society,  being  desirous  of  encouraging  and  supporting  this  move- 

ment, agrees  to  hold  these  lectures  in  its  name  and  under  it's  protection 
at  any  future  time,  and  in  any  manner  that  the  new  Board  of  Directors, 

who  are  about  to  go  into  office,  may  deem  expedient  and  desirable.  The 
motion  was  carried. 

The  meeting  thereupon  adjourned. 
Otto  von  Geldern,  Secretary. 

Annual   Report   of   the    Secretary   for   the   Year    1903. 

I  have  the  honor  to  submit  to  the  Society,  through  its  Board  of  Direc- 
tors, the  following  report,  showing  the  condition  of  the  Society  on  January 

22,  1904,  the  date  of  the  regular  annual  meeting : 

The  present  total  membership  is   158.  as  follows: 

Honorary  members         2 
Life  members       3 

Members     136 
Associates      17 

Total   158 

Of  these  there  are : 

Resident  members      86 

Resident  associates   •■    55 
Non-resident  members  and  associates    17 

Total       158 

Geographically  distributed  there  are  in  : 

San   Francisco  and  vicinity   107 
Northern   California       26 

Southern  California   ■    5 
Arizona       i 
Colorado      i 

District  of  Columbia     i 

Hawaii    3 
Illinois       I 

Massachusetts    i 

Nevada       2 

New  York      ,    i 
Oregon       2 

Washington    I 
Utah      I 

FOREIGN. 

Australia      i 

Africa    2 
British  Columbia       i 

England    i 

Total      158 
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Professionally  divided  there  are : 
Architects     8 
Builders     lo 
Chemists       2 

Civil  Engineers.    65 
Draughtsmen       4 

Electrical  Engineers       5 
Instrument  ^Makers      2 

Manufacturers      7 
Mechanical   Engineers       27 

Military  Engineers       3 

Mining  Engineers       9 
Xaval  Architect      I 

Professors   of   University    5 
Scientist       I 

Surveyors       9 

Total      158 

ADMISSIONS   IN    I9O.3. 

By  election : 
Members     lo 

Associates     3 

By  reinstatement : 
Members     6 

Total   19 

MEMBERSHIP  OF  THE   SOCIETY   AT  THE  END   OF   THE   YEAR    ig02. 

Members  and  associates   153 

Admitted  in  1903      19 

Total  on  membership  list  during  the  past  year   172 

LOSS   DURING   THE    YEAR    I9O3. 

Deaths         3 
Resignations       8 

Suspensions      3 

Total  loss    .•   '. .  14 
Carried  on  membership  list  during  1903   172 
Loss        14 

Present  membership      158 

Gain   in   1903   .- . .  .     5 

DEATHS   DURING    I9O3. 

George  F.  Allardt, 
Dana  Harmon, 
F.  B.  Morse. 
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During  the  year  the  Society  added  to  its  membership  the  following : 

By  election : 

MEMBERS. 

1.  M.  C.  Couchot,  Civil  Engineer.  San  Francisco,  Cal. 

2.  Robert  Hawxhurst,  Jr.,  Civil  Engineer,  Hawaii. 

3.  L.   A.  Hicks,  Civil  Engineer,  Oakland,  Cal. 

4.  Joseph  Jacobs,  Civil  Engineer,  San  Francisco,  Cal. 

5.  August  Kempkey,  Jr.,  Civil  Engineer,  Oakland,  Cal. 
6.  Charles  List,  Civil  Engineer,  San  Francisco,  Cal. 

7.  R.  W.  Myers,  Electrical  Engineer,  San  Francisco,  Cal. 
8.  George  W.  Nichols,  Electrical  Engineer,  Round  Mountain,  Cal. 

9.  Oliver  N.   Sanford,  Civil  Engineer,   San  Francisco,  Cal. 
10.  J.  J.  Welsh,  Architect,  San  Francisco,  Cal. 

ASSOCIATES. 

1.  S.  Giletti,  Concrete  Builder,  San  Francisco,  Cal. 

2.  George    Stone,    President    Pacific    Portland    Cement    Co.,    San    Fran- 
cisco, Cal. 

3.  Rudolph    J.    Taussig.    President    Mechanics    Institute,    San    Francisco, 
Cal. 

Bv  reinstatement : 

Gustav  A.  Behrnd,  Architect,   San  Francisco,  Cal. 

H.  L.  Demeritt,  Civil  Engineer,  San  Francisco,  Cal. 

H.  F.  Eckert,  Structural  Engineer,  San  Francisco,  Cal. 
Franz  M.  Goldstein,  Draughtsman,   San  Francisco,  Cal. 

F.  A.  Koetitz,  Civil  Engineer,  San  Francisco,  Cal. 

James  T.  Ludlow,  Mechanical  Engineer,  San  Francisco,  Cal. 

RESIGNATIONS   DURING   THE   YEAR    I9O3. 

Ross  E.  Browne,  Mining  Engineer,  South  Africa. 
Thomas  W.  Butcher,  Builder,  San  Francisco,  Cal. 
B.   C.  Donham,   Civil  Engineer,  Korea. 

John  McGilvray,  Builder,  San  Francisco,  Cal. 

Erland  Gjessing,  Stenographer,  New  York,  N.  Y. 
Frank  H.  Masow,  Builder,  San  Francisco,  Cal. 

A.   S.   Riffle,   Civil  Engineer,  Arizona. 

Charles  E.  Wetherell,   Surveyor,   San  Francisco,  Cal. 

SUSPENSIONS    DURING   THE    YEAR    I9O3. 

1.  J.  B.  Crockett,  San  Francisco,  Cal. 

2.  O.  H.  M.  Denio,  Vallejo,  Cal. 

3.  Peter  E.  Lamar,  Hawaii. 

HONORARY    MEMBERS. 

1.  Colonel  C.  Seaforth  Stewart,  Washington,  D.  C. 

2.  Commodore  Theodore  D.   Wilson,  Washington,  D.   C. 
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LIFE    MEMBERS. 

1.  George  W.  Dickie,  San  Francisco,  Gal. 

2.  George  H.  Evans.  Breckenridge,  Col. 
3.  E.  J.  Molera,  San  Francisco,  Cal. 

The  following  subjects  were  read  and  discussed  officially  during  the 

past  year : 

1.  "The  Water  and  Forest  Irrigation  Bill,"  by  the  Society. 

2.  "Armored  Concrete  Piles  and  Wharves/'  by  Emile  Villet. 

3.  "The  Giletti  System  of  Concrete  and  Iron  Construction,"  by  S. 
Giletti. 

4.  "Building  of  an  Iron  Wharf  at  Ocos,  Guatemala,"  by  Charles  List. 

J.     "Description  of  the  Holmes  and  Uhlig  Method  of  Wharf  Building," 
by  Carl  Uhlig. 

6.  "The  Work  of  the  United  States  Department  of  Agriculture  in 

Irrigation  Investigation,"  by  Ehvood  Mead. 

7.  "Projects  for  a  Water  Supply  for  the  City  of  San  Francisco,"  by 
Marsden  Manson  and  C.  E.  Grunsky. 

8.  "Impressions  Made  by  Recent  Engineering  Works  of  the  East,"  by 
C.   E.   Grunsk}-. 

9.  "Methods  of  Refrigeration,"  by  James  T.  Ludlow. 

10.  "Regarding  Patent  Laws  and  Their  Necessity,"  by  George  W. 
Dickie. 

11.  "The  Administration  of  Patent  Laws,"  by  John  Richards. 
12.  "Amending  the  Bj'-laws  as  to  Frequency  of  Meetings  and  Reg- 

ulating Semi-annual  JNIeetings  of  the  Society,  Committee  and  Society  at 

Large." 
13.  "The  Works  of  the  Pacific-Portland  Cement  Company  at  Suisun, 

and  Excursion  to  the  Works  by  the  Society." 
Otto  von  Geldern,  Secretary. 

Boston  Society  of  Civil  Engineers. 

Boston,  Mass.,  J.\nuary  14,  1904. — A  special  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  8 

o'clock  P.M.,  Vice-President  Frederick  Brooks  in  the  chair;  one  hundred 
and  two  members  and  visitors  present. 

Mr.  George  B.  Francis  presented  two  papers,  which  were  fully  illus- 

trated by  lantern  views.  The  first  paper  was  on  "Timber  Crib  Founda- 
tions," and  was  discussed  by  Messrs.  J.  W.  Rollins,  J.  P.  Snow,  William 

Parker  and  others.  The  second  paper  read  was  entitled  "Description  of  the 
Construction  of  a  Double-Track,  Third-Rail  Electric  Road  between  Scranton 

and  Wilkesbarre,  Pa." S.  E.  Tinkham,  Secretary. 

Boston,  Mass.,  January  27,  1904. — -A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 

7.30  o'clock  P.M.,  President  Hollis  in  the  chair;  one  hundred  and  twenty-two 
members  and  visitors  present,  including  ladies. 

The  records  of  the  last  regular  and  the  special  meeting  of  January 

J4th  were  read  and  approved. 
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Messrs.  William  W.  Locke,  J.  Waldo  Smith  and  George  Stephen 
were  elected  members  of  the  Society. 

On  motion  of  Mr.  Manley,  the  President  was  requested  to  appoint 

a  committee  of  three  to  report  to  the  meeting  the  names  of  five  mem- 

bers to  serve  as  a,  committee  to  nominate  officers  for  the  ensuing  year. 

The  President  appointed  the  following  as  that  committee:  Henry  Man- 
ley,  F.  C.  Coffin  and,  Leonard  Metcalf. 

Later  in  the  meeting  this  committee  reported  the  following  names  as 

members  of  the  Nominating  Committee:  Messrs.  A.  H.  French,  C.  T. 

Main,  George  Bowers,  H.  K.  Higgins  and  J.  L.  Howard,  and  on  motion 
they  were  duly  elected. 

The  Secretary  reported  for  the  Board  of  Government  that  at  a 

meeting  of  the  Board,  held  December  21.  1903.  under  authority  of  By- 
law 15,  it  was  voted  to  establish  the  Sanitary  Section  of  the  Boston  Society 

of  Civil  Engineers,  in  accordance  with  the  petition  of  Freeman  C.  Coffin 
and  thirteen  other  members  of  the  Society. 

The  Section  has  held  one  or  more  meetings  and  has  adopted  the  fol- 

lowing code  of  By-laws,  which  has  been  approved  by  the  Board  : 

ARTICLE   I. 

Section  i.  The  object  of  the  Sanitary  Section  of  the  Boston  Society  of  Civil 
Engineers  shall  be  the  advancement  of  knowledge  relating  to  the  science  and  practice 
of  sanitary  engineering. 

ARTICLE   II. 

Section  i.  The  membership  of  the  Sanitary  Section  shall  consist  of  members 
and   associates. 

Sec.  2.  Those  engaged  in  the  design,  construction  or  maintenance  of  sanitary 
works,  or  other  persons  qualified  to  aid  in  the  advancement  of  knowledge  relating 
to  the  science  and  practice   of  sanitary  engineering  shall   be   eligible   as  members. 

Sec.  3.  Other  persons  interested  in  the  objects  of  the  Section  and  desirous  of 
being  connected  with  it  shall  be  eligible  as  associates  after  election  as  associates  in 
the    Society. 

Sec.  4.     Members  only  shall  be  eligible  to  office  and  entitled  to  the  right  to   vote. 

ARTICLE   III. 

Section  i.  Members  and  associates  of  the  Boston  Society  of  Civil  Engineers 
shall  be  entitled  to  membership  in  this  Section  as  members  and  associates,  respectively, 
upon  making  written  application  to  the  Executive  Committee  of  the   Section. 

Sec  2.  Any  person  other  than  a  member  of  the  Boston  Society  of  Civil  Engi- 
neers who  shall  make  application  for  admission  to  the  Section  as  member  shall 

embody  in  his  application  a  concise  statement  of  his  qualifications  for  membership, 
and  his   application   shall   be   indorsed   by  two   inembers   of  the  Section. 

Sec  3.  Applications  for  membership  under  section  2  shall  be  considered  by  the 
Executive  Committee,  who  shall  present  them  to  the  Board  of  Government  of  the 
Society,  provided  a  majority  of  the  committee  are  in  favor  of  such  action,  and  if 
the  applications  are  approved  by  the  Board  of  Government  they  shall  be  presented  to 
the    Section    for    ballot. 

Sec  4.  If  the  applicant  receives  two-thirds  of  the  ballots  cast,  he  shall  be  de- 
clared elected,  and  shall  become  a  member  on  paying  the  required  entrance  fee  and 

signing,  within  two  months,  an  agreement  to  be  governed  by  the  By-laws  of  the 
Section  and  the  Constitution  and  By-laws  of  the  Society  so  far  as  they  apply  to  the 
Section. 

Sec  5.  Members  and  associates  of  the  Bostoxi  Society  of  Civil  Engineers,  who 
are  not  enrolled  as  members  of  the  Section,  shall  be  entitled  to  attend  all  meetings 
of  the  Section  and  to  take  part  in  the  discussion  of  papers  on  professional  subjects, 
but   shall   have   no   vote. 
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ARTICLE   IV. 

Section  i.  The  officers  of  this  Section  shall  be  a  Chairman,  \'ice-Chairman  and 
Clerk. 

The  general  government  of  the  Section  shall  be  vested  in  an  Executive  Committee, 
consisting  of  the  President  of  the  Boston  Society  of  Civil  Engineers,  the  Chairman, 
Vice-Chairman,   Clerk  and  three  other  members  of  the   Section. 

Sec.  2.  The  Chairman  of  the  Section  shall  represent  the  Section  at  the  meetings 
of  the  Board  of  Government  of  the  Boston  Society  of  Civil  Engineers,  with  the 

privilege    accorded    under    its    By-laws. 
Sec.  3.  The  term  of  office  of  all  officers  and  committees  shall  be  one  year,  but 

shall  continue  until  their  sviccessors  are  elected. 

Sec.  4.  All  officers  and  committees  shall  assume  their  duties  immediately  after 
the  close  of  the   meeting  at  which   they  have   been   elected. 

ARTICLE    V. 

Section  i.  The  Chairman  shall  have  a  general  supervision  of  the  affairs  of  the 
Section.  He  shall  preside  at  meetings  of  the  Section.  In  case  of  his  absence  or  a 

vacancy   in   his   office,    the   \'ice-Chairman    shall   discharge   his   duties. 
Sec.  2.  The  Executive  Committee  shall  have  control  of  the  management  of  the 

Section,  subject  to  the  action  of  the  Section  at  any  meeting,  and  shall  make  the 
necessary  arrangements  for  all  meetings.  All  questions  in  Executive  Committee  shall 
be  decided  by  a  majority  vote,  and  four  members  shall  constitute  a  quorum.  Meetings 
of  the  Executive  Committee  shall  be  held  before  each  business  meeting  of  the  Section 
and  at  the  call  of  the  Section  Chairman,  or  in  his  absence  or  inability  to  serve,  at  the 

call  of  the  \'ice-Chairman. 
Sec.  3.  The  Clerk  shall  keep  the  records  of  the  meetings  of  the  Section  and  of 

the  Executive  Committee,  and  perform  such  other  duties  as  ere  herein  prescribed  and 
as  may  be  required  by  the  E.xecutive  Committee.  He  shall  prepare  and  transmit  to 
the  Secretary  of  the  Boston  Society  of  Civil  Engineers  notices  of  all  meetings,  copies 
of  the  records   of  all   meetings  and   of  all   papers   and   discussions. 

Sec.  4.  Xo  expenditure  shall  be  made  or  financial  obligation  incurred  by  any 
officer  or  committee  of  the  Section,  for  which  the  Society  will  be  responsible,  without 
previous  authorization  by  the  Board  of  Government  or  President  of  the  Society. 

ARTICLE  VI. 

Section  1.  The  annual  meeting  of  the  Section  shall  be  held  in  Boston  on  the  first 
\\  ednesday  in  March,  at  which  meeting  the  annual  reports  for  the  preceding  year  shall 
be  presented  and  the  officers  for  the  ensuing  year  elected. 

Sec.  2.  The  officers  and  other  members  of  the  Executive  Committee  shall  be 

elected  at  this  meeting  by  written  ballot,  from  nominations  made  from  the  floor,  or 
submitted  in  writing  previous  to  the  meeting  and  indorsed  by  at  least  ten  members. 

Sec.  3.  The  regular  meetings  of  the  Section  shall  be  held  on  the  first  Wednesday 
of  the  months  of  March,  June,  October  and  December. 

Sec.  4.  Special  meetings  of  the  Section  may  be  held  at  the  call  of  the  Chairman. 
At  special  meetings  no  applications  for  membership  shall  be  acted  upon,  nor  any 

business  transacted,  unless  announced  in  the  call  for  the  meeting  and  upon  recom- 
mendation of  the   Executive  Committee. 

ARTICLE   VII. 

Section  i.  Proposed  amendments  to  these  By-laws  must  be  submitted  in  writing 

to  the  Executive  Committee,  and  shall  be  presented'  to  the  Section  at  a  regular  meeting, 
if  so  decided  by  vote  of  the  Executive  Committee.  The  Executive  Committee  shall, 
however,  bring  before  the  Section  any  proposed  amendment  at  the  written  request  of 
ten  members. 

Sec.  2.  Announcement  of  a  proposed  amendment  which  is  recommended  by  the 
Executive  Committee  or  by  ten  members  of  the  Section,  shall  be  given  by  printing  the 
amendment  in  the  notice  of  the  regular  meeting.  A  two-thirds  vote  of  the  members 
present  and  voting  shall  be  necessary  for  the   adoption  of  the  amendment. 

Sec.  3.  All  amendments  to  these  By-laws  must  receive  the  approval  of  the  Board  of 
Government  of  the  Boston  Society  of  Civil  Engineers   before  taking  effect. 

Mr.  F.  W.  Hodgdon  submitted  the  following  motion,  which  had  -been 
printed  in  the  notice  of  the  meeting:  Voted,  that  the  Society  indorse 
and  recommend  the   changes  in  the   Boston   Building  Laws  proposed  by 
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the  Committee  of  the  Society  in  its  report  made  at  the  meeting  held 
December  i6,  1903;  and  that  the  same  committee  be  instructed  to  take 

the  necessary  action  to  submit  the  proposed  changes,  with  the  indorse- 

ment of  the  Society,  to  the  Mayor,  and  to  appear  in  behalf  of  the 

Society,  if  in  their  opinion  it  is  necessary,  before  the  proper  legislative 
committee,  in  support  of  the  proposed  changes. 

On  motion  of  Mr.  Howland,  it  was  voted  to  postpone  the  considera- 
tion of  the  motion  until  the  next  meeting. 

Mr.  Henry  Manley  was  appointed  a  committee  to  make  the  necessary 
arrangements  for  the  annual  dinner  of  the  Society. 

On  motion  of  Mr.  Adams,  the  thanks  of  the  Society  were  voted  as 

follows :  To  Messrs.  R.  L.  Fosburg  &  Sons,  Contractors,  and  their  Super- 

intendents; and  to  the  United  Shoe  Machinery  Company  and  its  Super- 
vising Architect,  for  courtesies  shown  the  members  of  the  Society  on 

the  occasion  of  the  visit  to  the  new  buildings  of  the  latter  company,  at 

Beverly,  Mass.,  on  January  14th.  Also,  to  Mr.  Walter  B.  Snow,  Superin- 
tendent of  the  B.  F.  Sturtevant  Company,  for  courtesies  shown  on  the 

occasion  of  the  visit  to  the  works  of  that  company  on  the  27th  inst. ; 
also  to  Mr.  B.  F.  Simmons,  Electrical  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R., 

for  courtesies  shown  on  the  occasion  of  the  visit  to  the  new  power  house 

of  the  railroad  company  at  Hyde  Park,  Mass. 

Mr.  George  A.  Kimball  gave  a  verv  interesting  talk,  illustrated  by 

lantern  views,  entitled  "Notes  on  Passenger  Traffic  in  Some  Foreign 

Cities."  A  discussion  followed  Mr.  Kimball's  entertaining  and  instructive 
talk,  in  which  a  number  of  members  took  part.  Gen.  William  A.  Ban- 

croft, President  of  the  Boston  Elevated  Railway  Company,  also  briefly 

addressed  the  meeting,  contrasting  the  elevated  roads  in  Boston  with 

those  in  foreign  cities. 

Adjourned.  S.   E.   Tinkham,  Secretary. 

Engineei's'  Club  of  Minneapolis. 

172D  Meeting,  Minneapolis,  Minn.,  January  18,  1904. — At  the  invi- 
tation of  the  Commercial  Club,  the  meeting  was  held  in  their  Rooms,  9th 

floor,  Andrus  Building. 

During  the  first  part  of  the  evening  the  Club  listened  to  an  address  by 

Mr.  Warren  H.  Manning,  of  Boston,  on  "Should  Minneapolis  Acquire  More 
Park  Lands,  or  Improve  What  It  Has,  and  How?  Mr.  Manning  believed 

in  developing  what  land  Minneapolis  already  has. 

The  annual  meeting  of  the  Club  followed.  All  of  those  whose  names 

were  proposed  at  the  169th  meeting  were  elected  to  membership.  The  fol- 
lowing were  proposed  for  membership:  Joseph  Lane,  W.  H.  Kavenaugh. 

E.  S.  Oliver,  R.  S.  King,  A.  F.  Norcross,  M.  G.  Hooper,  H.  W.  Dixon, 

A.  S.  Cutler,  Trithiof  Magnusson.  E.  B.  Newcombe,  Jas.  S.  Boustead, 
Austin  G.  Johnson  and  Loviis  Clousing. 

The  Secretary's  report  was  then  given  as  follows : 

Annual  Report  of  the  Secretary. 

The  Secretary  submits  the  following  report  for  the  past  year,  1903 : 
Nine  meetings  were  held,  as  follows : 
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163d  ̂ Meeting,  January  26th.  This  was  the  annual  meeting,  at  which 

reports  of  the  officers  of  the  previous  year  were  made,  and  new  officers 

elected.  A  paper  was  delivered  by  ̂Nlr.  E.  P.  Burch  regarding  the  old  power 

house  at  St.  Anthony  Falls,  this  paper  being  illustrated  by  a  number  of 

lantern  slides.  Prof.  W.  R.  Hoag  also  showed  fifty  views  of  "Good  and 

Bad  Roads."  'Sir.  F.  E.  Rice  showed  twenty-five  views  of  the  new  Milwau- 
kee bridge  during  construction. 
164th  fleeting.  February  i6th.  This  meeting  consisted  of  a  dinner  given 

at  the  Commercial  Club  Rooms.  Addresses  were  made  by  Hon.  J.  C.  Haj'nes, 
Geo.  W.  Sublette,  Prof.  Fred  S.  Jones,  Andrew  Rinker,  Prof.  Geo.  D. 

Shepardson,  Geo.  W.  Cooley  and  others.  ]\Ir.  Wm.  W.  Redfield  acted  as 
toastmaster. 

165th  Meeting,  ̂ larch  i6th.  This  meeting  was  held  in  the  County 

Commissioners'  Room,  and  was  devoted  to  papers  by  Mr.  C.  A.  P.  Turner,  on 

"Coimty  Bridges,"  and  Prof.  W.  R.  Hoag,  on  "The  Work  of  the  State 

Drainage  Commission."  The  latter  paper  was  fully  illustrated  by  lantern 
slides. 

i66th  Meeting,  April  20th.  Held  in  the  Room  of  the  County  Commis- 

sioners. A  paper  was  read  by  Wm.  W.  Redfield,  on  the  "Panama  Canal." 
!Mr.  L.  S.  Gillette  recited  some  of  his  experiences  on  his  recent  trip  through 
the  West  Indies. 

167th  Meeting.  May  22d.  That  date  being  the  twentieth  anniversary  of 

the  organization  of  the  Club,  a  special  meeting  was  held  at  the  hall,  15  South 

Seventh  Street.  Entertainment  was  provided  by  Hilj^ard's  colored  quar- 
tette, St.  Paul.  Mr.  W.  H.  Eustis  delivered  a  very  entertaining  address  on 

the  "Hawaiian  Islands."    Refreshments  were  served. 
i68th  Meeting,  October  7th.  A  visit  was  made  by  the  Club  to  the  new 

Chamber  of  Commerce  building ;  a  thorough  examination  of  the  power  and 

heating  plant  was  made.     Refreshments  were  served. 

169th  Meeting,  November  i6th.  Held  in  the  County  Commissioners' 
Room.  The  meeting  was  addressed  by  Mr.  Francis  M.  Henry,  on  "Changing 

the  Course  of  Bassett's  Creek."  Discussions  followed  by  Messrs.  Ilstrup,. 
Sublette  and  others. 

170th  Meeting,  December  5th.  The  Club  visited  the  plant  of  the  Minne- 
sota Sugar  Company,  at  St.  Louis  Park. 

171st  Meeting,  December  26th.  The  Club  made  a  visit  of  inspection  of 

the  mechanical  equipment  at  the  Glass  Block.  Mr.  F.  M.  Overholt  explained 

some  of  the  new  and  interesting  machinery  which  has  been  installed  there. 

Light  refreshments  were  served. 

The  attendance  at  all  of  these  meetings  has  been  comparatively  large. 

Only  one  paper  given  before  the  Association  this  year  has  been  pub- 
lished in  the  Journal.  This  is  to  be  regretted,  as  it  is  desirable  that  the 

Club  have  as  good  representation  as  possible  in  the  Journal. 

The  meetings  of  the  year  have  been  devoted  more  to  visits  and  enter- 
tainments than  literary  features. 

The  Club  mourns  the  loss  through  death,  of  one  of  its  charter  members, 

Mr.  W.  D.  Van  Duzee,  for  several  years  honorary  member. 

The  Club  has  grown  considerably  in  numbers.  At  the  beginning  of  the 

year  we  had  sixty-two  active  members.     During  the  year  forty  were  elected 
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to    membership.      One    member   has    resigned,    two    have   been    dropped    on 

account  of  their  having  left  the  city  and  their  whereabouts  not  being  known. 

Our  present  membership  is  109,  or  a  gain  of  75  per  cent,  for  the  year. 

Respectfully    submitted, 

J.   B.   GiLM.vx,  Secretary. 

The  Treasurer's  report  was  as  follows: 

Annual  Report  of  the  Treasurer,  1903. 

Mr.  H.  B.  Avery,  President,  Engineers'  Club  of  Minneapolis,  City. 
Dear  Sir  : — I  beg  to  submit  the  following  statement  of  the  receipts  and 

expenditures  of  the  Club   for  the  past  year : 

Balance  in  cash  from  1902     $97-85 

Dues  of  seventy-nine  members,    1903     237.00 
Dues  of  nine  members,   1904       27.00 

Total  receipts  to  date   $361.85 

Typewriting  and  stenographic  work    $5.80 

Reception  Committee  badges    1.80 

Music,  entertainment,  etc    52.25 

Stationery      24.25 

Printing     42.75 

Journal  of  the  Association  of  Engineering  Societies    187.10 

Photographs      3.00 

Lantern  slides  illustrating  papers    7.50 

Work  on  bookcases  and  drayage  on  same    4.80 

Hall  rent      7.00 

Total   expenditures   to   date   $336.25 

I  would  state  that  all  bills,  as  far  as  I  know,  are  paid,  the  only  possible 

exception  being  the  notices  for  this  meeting.  Also,  $30.20  of  this  year's 

expenditures  represent  the  last  quarter's  dues  for  the  Journal  for  the  vear 
1902,  which  I  have  paid  this  year. 

At  the  present  time  we  have  a  cash  balance  of  $25.60. 

Respectfully  submitted, 

B.    H.   Durham,    Treasurer. 

The  Librarian  and  Chairman  of  Standing  Committees  reported  briefly. 

J.  M.  Tate,  Chairman  of  the  committee  appointed  to  prepare  an  exhibit  for 

the  Louisiana  Purchase  Exposition,  made  a  report,  showing  that  very  favor- 
able progress  had  been   made. 

The  election  of  officers  for  the  ensuing  year  was  then  held,  which  re- 
sulted as  follows : 

President — H.   B.   Avery. 
Vice-President— E.   P.  Burch. 

Secretary — J.  B.  Oilman. 
Treasurer — B.  H.  Durham. 

Librarian— W.  W.  Redfield. 
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Representative  to  the  Association  of  Engineerino-  Societies — Prof.  W.  R. 
Hoag. 

Finance  Committee — C.  F.  Pillsbury  and  J.  M.  Tate. 
Upon  motion  by  IMr.  Redfield,  a  vote  of  commendation  was  given  to 

the  Secretary  and  Treasurer  for  their  careful  work  during  the  past  year. 

The  meeting  then  adjourned. 

J.  B.  Oilman,  Secretary. 

Montaua  Society  of  Engineers. 

Helexa.  Moxt.,  January  8  and  9,  1904. — The  fourteenth  annual  meeting 
of  this  Society  was  held  on  Friday  and  Saturday.  Friday  was  devoted  to  a 
trip  to  the  Electric  Power  Plant,  located  at  Canyon  Ferry,  about  eighteen 

miles  from  Helena.  There  the  engineers  were  welcomed  by  Mr.  M.  H. 

Gerry,  Jr.,  and  his  assistants,  and  every  courtesy  shown  them.  After  several 

hours'  stay,  which  was  devoted  to  an  examination  of  the  power  plant  and  the 
enjoyment  of  a  fine  lunch,  the  party  returned  to  Helena.  Friday  evening 
the  engineers  and  their  friends  were  the  guests  of  President  Wickes  at  a 
'"smoker." 

Saturday  morning  the  members  of  the  Society,  in  a  goodly  number, 

assembled  at  10  o'clock,  in  the  Rooms  of  the  Business  Men's  Association, 
for  the  transaction  of  business.  President  Geo.  T.  Wickes  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved.  Applications  for 

membership  in  the  Society  were  read  by  the  Secretary  from  the  following : 
Russell  H.  Wilson,  Frank  Marion  Kerr,  Frank  Ashton  Jones,  Lewis  Webster 

Wicks  and  Alexander  N.  Winchell.  On  motion,  the  Secretary  was  instructed 

to  send  out  ballots  for  these  parties,  after  the  approval  of  their  applications 

by  the  Trustees.  The  Secretary  presented  the  ballots  on  the  application  of 
Geo.  M.  Craven,  and  Messrs.  Carroll  and  Sizer  were  appointed  tellers  to 

count  the  same.  They  reported  the  ballots  favorable,  and  President  Wickes 
declared  Mr.  Craven  duly  elected  a  member  of  the  Society.  The  election  of 

officers  being  the  next  order  of  business,  Messrs  Carroll  and  Sizer  were  ap- 
pointed to  count  the  ballots  submitted,  and  reported  a  unanimous  vote  in 

favor  of  the  following-named  persons  for  the  various  named  offices  of  the 
Society  for  the  ensuing  year : 

President — Geo.  E.  Moulthrop,  Butte. 

First  Vice-President — Ernest  W.  King,  Bozeman. 
Second  Vice-President — Malcolm  L.  MacDonald,  Butte. 

Secretary  and  Librarian — Clinton  H.  Moore,  Butte. 
Treasurer,  and  Member  of  the  Board  of  Managers  of  the  Association  of 

Engineering  Societies — Sam'l  Barker,  Jr.,  Butte. 
Trustees — Chas.  H.  Repath,  Edward  L.  Blossom  and  Charles  FL  Bow- 

man. 

President  Wickes  announced  the  election  of  the  above-named  persons, 

and.  President  Moulthrop  not  being  present,  First  Vice-President  King  took 
the  chair.  The  annual  reports  of  the  Secretary  and  Treasurer  were  read 

and  referred,  and,  after  various  items  of  business  of  a  minor  character,  the 

Society  took  a  recess  till  2  o'clock  p.m. 
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The  afternoon  session  was  devoted  to  the  reading  of  the  President's 
annual  address,  having  for  its  subject  "Early  Surveying  Reminiscences  in 

the  West,"  and  the  discussion  of  various  subjects  belonging  to  the  engi- 
neering profession,  confined  chiefly  to  the  works  of  Montana  engineers 

during  the  past  year  in  this  State.  Many  valuable  statements  were  made 

and  much  interest  elicited.  The  Secretary  was  instructed  to  prepare  a  suit- 
able report  of  the  annual  meeting  in  addition  to  the  journal  minutes.  The 

Society's  appreciation  of  the  various  courtesies  shown  it's  members  by  the 
citizens  of  Helena  was  expressed  by  a  unanimous  vote,  and  one  of  the  most 
successful  and  pleasant  annual  meetings  of  the  Society  then  adjourned.  A 

banquet  was  held  Saturday  evening,  at  the  Hotel  Helena,  with  the  usual 
results. 

Clinton  H.  Moore,  Secretary. 
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Teclmlcal  Society  of  the  Pacific  Coast. 

AxxuAL  Meeting.  Sax  Francisco.  Cal..  January  22,  1904. — Called  to 

order  at  8.30  o'clock  p.m.  by  Past-President  INIanson. 
The  tellers  appointed  to  open  and  count  the  ballots  for  officers  for  the 

ensuing  j-ear  reported  that  fifty-eight  votes  had  been  cast,  and  that  each  one 
of  the  candidates  had  received  fifty-eight  votes. 

The  Chairman  thereupon  announced  that  the  following  members  had 
been  elected,  and  that  the  Secretary  inform  them  by  letter  of  their  election 
to  office: 

President — Geo.   W.  Dickie. 

Vice-President — Franklin  Riffle. 

Secretar}- — Otto  von  Geldern. 
Treasurer — E.  T.   Schild. 

Directors — C.  E.  Grunsky,  L.  J.  Le  Conte,  A.  D.  Connick,  Adolf  Lietz 
and  Carl  Uhlig. 

The  Secretary's  and  Treasurer's  reports  were  then  read. 
These  reports  were  ordered  received  and  placed  on  the  minutes  as  a 

part  thereof. 

The  meeting  thereupon  adjourned. 
Otto  von  Geldern,  Secretary. 

Directors'  Meeting.  San  Franclsco,  Cal.,  February  i,  1904. — Held 
in  the  cafe  of  the  Call  Building,  after  a  dinner  given  by  President  Dickie. 

Present,  Directors  Dickie.  Riffle,  Schild,  Grunsky,  Connick,  Lietz,  Uhlig  and 
von  Geldern. 

The  following  committees  were  appointed: 

Executive  Committee — Franklin  Riffle,  Chairman ;  C.  E.  Grunsky,  Carl 
Uhlig  and  H.  D.  Connick. 

Finance  Committee — L.  J.  Le  Contc,  Adolf  Lietz  and  Carl  Uhlig. 
Members  on  the  Board  of  Managers  of  the  Association  of  Engineering 

Societies — George  W.  Dickie  and  Otto  von  Geldern. 
The  Secretary  reported  that  the  Board  had  accepted  two  lectures  at  the 

last  meeing: 

"Radium  and  Radio-Activity,"'  by  Prof.  Edward  Booth,  for  February  5. 
1904. 

"Herbert  Spencer:  His  Synthetic  Philosophy,"  by  F.  P.  Medina,  for 
March  4,  1904. 
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The  Secretar3'  was  instructed  to  issue  a  circular  calling  upon  certain 
members  for  papers  for  the  spring  meeting.  It  was  agreed  among  the 
Directors  to  hold  it  either  on  the  second  or  third  Thursday  of  May.  Begin- 

ning on  a  Thursday  evening,  the  meeting  will  last  through  Friday  and  Satur- 

daj',  and  close  with  a  banquet  on  Saturday  night. 
The  Board  will  be  called  at.  an  early  date  to  go  into  the  details  of  making 

the  necessary  arrangement's   for  the  meeting. 
The  meeting  thereupon  adjourned,  to  be  called  by  the  President. 

Otto  von  Geldern,  Secretary. 

Regular  ]\Ieeting,  San  Francisco,  Cal.,  February  5,  1904. — Called  to 

order  at  8.30  o'clock  p.m.  by  President  Dickie,  who  explained  that  the  usual 
business  would  be  suspended;  that  the  evening  had  been  set  aside  for  a 
public  lecture,  to  which  the  friends  of  the  Technical  Society  were  invited. 

He  expressed  his  satisfaction  in  being  able  to  greet  so  large  an  assembly, 

and  introduced  the  lecturer.  Prof.  Edward  Booth,  of  the  University  of 
California,  who  entertained  the  audience  for  over  an  hour  on  the  subject 

of  "Radium  and  Radio-Activity,"  dwelling  upon  all  the  noteworthy  and 
interesting  features  of  the  latest  researches.  After  the  lecture  he  exhibited 

a  number  of  samples,  shadow  pictures  and  apparatus  in  illustration  of  his 
lecture. 

The  meeting  thereupon  adjourned. 
Otto  von  Geldern,  Secretary. 

Engineers'  Clul)  of  St.  Louis. 

574TH  Meeting,  St.  Louis,  Mo.,  February  3,  1904. — Held  at  the  Club 
Rooms,  709  Pine  Street,  at  8  p.m.;  President  Ockerson  presiding.  There 

were  forty-two  members  and  ten  guests  present. 
The  minutes  of  the  573d  meeting  were  read  and  approved,  and  the 

minutes  of  the  361st  meeting  of  the  Executive  Committee  were  read. 

Upon  motion  of  Mr.  S.  B.  Russell,  the  Secretary  of  the  Club  was 

appointed  a  member  of  the  World's  Fair  Committee. 
Messrs.  H.  H.  Morrison,  P.  R.  Goodwin  and  F.  H.  Vose  were  elected 

to  membership  in  the  Club. 

The  President  appointed  Mr.  A.  L.  Johnson  on  the  Entertainment  Com- 
mittee in  place  of  Mr.  S.  E.  Freeman,  who  resigned,  owing  to  absence 

from  the  city. 

Mr.  Julius  Pitzman  presented  a  paper  upon  "Protection  of  the  Amer- 
ican Bottom  Against  Overflow,  and  Regulation  of  the  Mississippi  in  the 

Harbor  of  St.   Louis." 
After  extended  discussion  by  Mr.  Robert  Moore,  ]Mr.  Helm,  Mr.  Pitz- 

man and  others,  the  meeting  adjourned. 
R.  H.  Fernald,  Secretary. 

575TH  ]\Ieeting^  St.  Louis.  Mo.,  February  17,  1904. — Held  at  the  Club 

Rooms,  709  Pine  Street,  Vice-President  Moore  presiding. 

There  were  present  twenty-two  members  and  eight  guests. 
The  minutes  of  the  574th  meeting  wefe  read  and  approved,  and  the 

minutes  of  the  362d  meeting  of  the  Executive  Committee  were  read. 
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The  application  of  Knud  Henrick  Jacobsen  for  membership  in  the  Club 
was  read  and  referred  to  the  Executive  Committee. 

A  letter  from  Mr.  Chas.  Warren  Hunt.  Secretary  of  the  International 

Engineering  Congress,  was  read,  extending  an  invitation  to  the  Engineers' 
Club  of  St.  Louis,  to  participate  in  the  meetings  of  the  Congress,  to  be 

held  at  the  Universal  Exposition,  October  3.  to  8,  1904. 

Mr.  Robert  Burgess  presented  a  paper  upon  "The  Inter-Continental 

Railway."  The  paper  was  interestingly  illustrated  by  lantern  slides  and 
maps,  and  brought  out  discussion  by  Messrs.  Wheeler,  Robert  Moore, 
Bryan  and  Turner. 

The  thanks  of  the  Club  were  extended  by  Mr.  Moore  to  Mr.  Burgess  for 

his  able  and  interesting  presentation  of  the  subject. 
Adjourned. 

R.  H.  Fernald,  Secretary. 

Civil  Engineers'  Club  of  Cleveland. 

Cleveland,  Ohio,  February  9,  1904. — The  meeting  was  called  to  order 

by  Vice-President  B.  L.  Green.  Mr.  Reginald  A.  Wright  was  elected  to 

active  membership.  Mr.  G.  T.  Nelles,  Chairman  of  the  Nominating  Com- 

mittee, reported  the  follow'ing  nominations  of  officers  for  the  ensuing  year : 
President,  Alexander  E.  Brown ;  Vice-President,  Dr.  Dayton  C.  Miller ; 
Secretary,  Joe.  C.  Beardsley;  Treasurer,  Robert  Hoffman;  Librarian,  Charles 

O.  Palmer.    For  Directors — Walter  M.  Allen  and  Harry  S.  Nelson. 
Two  amendments  to  the  Constitution  were  introduced,  as  follows : 

Section  3,  Article  IV. 
Page  9. 

At  the  end  of  said  Section  3  add  the  following  words :  "Except  in  case 
of  the  resignation  of  an  active  member,  whose  long  and  efficient  service  in 

the  Club,  in  the  judgment  of  the  Executive  Board,  deserves  special  recog- 
nition and  acknowledgment.  In  such  case  said  Board  may,  at  its  discretion, 

ask  such  member  to  withdraw  his  resignation,  and  if  complied  with,  shall 
cause  his  name  to  be  transferred  to  the  retired  list  of  active  members,  which 

is  hereby  authorized.  He  shall  thereafter  be  exempt  from  all  fees  and  dues 

of  the  Club,  but  shall  be  entitled  to  all  the  rights  and  privileges  heretofore 

enjoyed  as  an  active  member,  except  the  right  to  vote  and  hold  office." 
Such  membership  shall  not  include  the  Journal  of  the  Association  of 

Engineering  Societies,  except  upon  payment  of  its  actual  cost  to  the  Club 
by  such  member.  The  Secretary  shall  serve  written  notice  on  such  person 

of  his  transfer  of  membership,  as  per  form  B  B,  in  the  Appendix. 

Signed  by  M.  E.  Rawson,  Joseph  Leon  Gobeille  and  Chas.  W.  Hop- 
kinson. 

Section  7,  Article  VI. 

Page  12. 

The  third  sentence  to  be  stricken  out  and  the  following  inserted  in  lieu 

thereof:  "The  permanent  fund  shall  not  be  expended  for  any  purpose, 
except  on  the  unanimous  vote  of  the  Executive  Board,  confirmed  by  letter- 
ballot  of  the  Club,  in  which  two-thirds  of  the  legal  ballots  cast  shall  be  in 

favor  of  such  expenditure." 
15 



24*  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Page  13. 

The  eighth  sentence  to  be  stricken  out  and  the  following  inserted  in  lieu 

thereof:  "No  money  shall  be  transferred  from  one  fund  to  another,  unless 
so  ordered  by  unanimous  vote  of  the  Executive  Board,  confirmed  by  letter- 

ballot  of  the  Club,  in  which  two-thirds  of  the  legal  ballots  cast  shall  be  in 

favor  of  such  transfer." 
Signed  by  B.  L.  Green,  Robt.  Hoffman  and  Joe.  C.  Beardsley. 

A  resolution  was  adopted  to  pass  these  amendments  to  letter-ballot. 
A  resolution  was  also  adopted  requesting  the  Chairman  to  appoint  a 

committee  of  three  to  inquire  into  the  proposed  action  of  the  Legislature 

relative  t'o  the  prevention  of  the  pollution  of  lakes  and  streams  as  embodied 
in  the  bill  of  Senator  M.  W.  Harvey;  this  committee  to  report  at  the  next 

regular  meeting.  The  Chairman  appointed  on  this  committee  Major  King- 
man, Mr.  Ritchie  and  Mr.  Hoffman. 

The  paper  of  the  evening,  "Bituminous  Coal  Mining,"  was  read  by  Mr. 
F.  C.  Green,  and  was  followed  by  an  extended  discussion. 

Joe.  C.  Beardsley,  Secretary. 
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Teclmleal  Society  of  tlie  Pacific  Coast. 

Regular  Meetixg,  San  Francisco,  Cal.,  March  4,  1904. — Called  to 
order  at  8.30  p.m.  by  President  Dickie,  who  stated  that  the  meeting  was  a 

general  one  and  for  the  purpose  of  listening  to  an  address  other  than  tech- 

nical. He  thereupon  introduced  Mr.  F.  P.  Medina,  member  of  the  Tech- 

nical Society,  who  delivered  an  interesting  lecture  on  "The  Synthetic 
Philosophy  of  Herbert  Spencer,"  a  subject  of  much  interest  to  the  ladies 
and  gentlemen  present,  who  expressed  their  appreciation  by  an  earnest 
attention. 

The  President  expressed  the  thanks  of  the  Society  for  the  courtesy 
of  Mr.  Medina. 

It  was  announced  from  the  chair  that  the  following  names  had  been 

added  to  the  membership  list  by  election : 

MEMBERS. 

1.  Lee  S.  Griswold,  Draughtsman,  San  Francisco,  Cal. 
2.  John  W.  Carey,  Architect,  San  Francisco,  Cal. 

associate  member. 

I.     W.  F.  Roloff,  Mine  Worker,  Shasta  County,  California. 

The  meeting  thereupon  adjourned. 
Otto  von  Geldern,  Secretary. 

Montana  Society  of  Engineers. 

The  regular  monthly  meeting  of  the  Society  was  held  in  the  Society 

Room,  Tuttle  Block,  February  13,  1904.  The  meeting  was  called  to  order 

at  8.30  P.M.,  there  being  a  quorum  present;  President  Moulthrop  in  the 

chair.  The  minutes  of  the  annual  meeting,  held  at  Helena,  January  8th 

and  9th,  were  read  and  approved.  An  application  for  membership  in  the 

Society  from  Frank  S.  Mitchell  was  read,  approved  and  the  Secretary 

instructed  to  send  out  the  ballots  for  the  same.  The  Secretary  reported 

the  receipts  of  ballots  pertaining  to  the  applications  of  Alex.  N.  Winchell, 
Russell  A.  Wilson,  Francis  M.  Kerr,  Frank  A.  Jones  and  Lewis  W. 

Wickes.  The  President  appointed  as  tellers  R.  ,R.  Vail  and  Robert  A. 
McArthur  to  count  the  ballots,  and  they  reported  the  unanimous  election 

of  the  above-named  candidates.  A  general  discussion  of  various  engineer- 
ing topics  occupied  the  time  till  the  meeting  adjourned. 

Clinton  H.  Moore,  Secretary. 
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Boston  Society  of  Civil  Eniyineers. 

Boston,  February  17,  1904. — The  regular  meeting  of  the  Boston  Society 
of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.45 

o'clock  P.M.;  Vice-President  Frederick  Brooks  in  the  chair.  One  hundred 
and  fifteen  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Ralph  E.  Curtis.  William  W.  Drummond,  Harrison  P.  Eddy, 

Henry  W.  Fenno,  Chester  J.  Hogue,  Edward  H.  Kitfield,  Edward  S.  Earned, 
Walter  E.  Parker,  Fred  M.  Randletf  and  Walter  C.  Whitney  were  elected 
members  of  the  Society. 

The  Secretary  read  the  memoirs  of  William  C.  Ogden  and  of  Frank 

P.  Johnson,  which  had  been  prepared  by  committees  of  the  Society. 

The  Chair  announced  the  death  of  George  A.  Ellis,  a  member  of  the 

Society,  which  occurred  on  December  Q."],  1903^  and  on  motion  the  President 
was  requested  to  appoint  a  committee  to  prepare  a  memoir.  The  President 
has  appointed  Mr.  R.  C.  P.  Coggeshall  as  that  committee. 

The  Secretary  read  a  communication  from  the  Secretary  of  the  com- 
mittee in  charge  of  the  International  Engineering  Congress  extending  an 

invitation  to  the  members  of  this  Society  to  participate  in  the  Congress 

which  will  be  held  in  St.  Louis,  October  3  to  8,  1904.  The  communication 
was  ordered  to  be  placed  on  file  and  the  Secretary  directed  to  express  the 

appreciation  of  the  Society  for  the  courteous  invitation. 

In  the  absence  of  Mr.  Hodgdon,  the  Secretary  renewed  the  following 
motion,  action  on  which  was  postponed  at  the  last  meeting: 

Voted,  That  the  Society  indorse  and  recommend  the  changes  in  the 
Boston  Building  Laws  proposed  by  the  committee  of  the  Society  in  its 

report  made  at  the  meeting  held  December  16,  1903 ;  and  that  the  same 
committee  be  instructed  to  take  the  necessary  action  to  submit  the  proposed 

changes,  with  the  indorsement  of  the  Society,  to  the  Mayor,  and  to  appear 
in  behalf  of  the  Society,  if  in  their  opinion  it  is  necessary^  before  the  proper 

legislative  committee  in  support  of  the  proposed  changes. 

Professor  Johnson  moved  to  amend  the  report  of  the  committee  by 

striking  out  the  figures  "50"  in  the  last  line  of  the  fourrh  paragraph  of  the 

portion  of  the  report  relating  to  concrete,  and  insert  the  figures  "30/'  so  that 
the  sentence  shall  read :  "Concrete  shall  not  be  strained  in  shear  more  than 

30  pounds  per  square  inch."  The  motion  was  duly  seconded,  and  on  a  vote 
was  declared  adopted. 

Mr.  Leonard  C.  Wason  offered  several  amendments  to  portions  of  the 

report  relating  to  concrete,  and  after  a  short  discussion,  on  motion  of  Mr. 

Manley,  it  was  voted  to  refer  the  proposed  amendments  to  the  original 
committee  for  consideration  and  report. 

It  was  also  voted,  on  motion  of  Mr.  Barnes,  that  when  this  meeting 

adjourns  it  be  to  next  Saturday  afternoon  at  2  o'clock,  in  the  Society's 
library. 

The  literary  exercises  were  then  taken  up,  and  Mr.  Leonard  C.  Wason 

gave  an  interesting  talk  on  "Concrete-steel  as  Applied  to  Structural  Work." 
The  talk  was  fully  illustrated  by  lantern  slides. 

Adjourned. 
S.  E.  TiNKHAM,  Secretary. 
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Boston,  February  20,  1904. — An  adjourned  meeting  of  the  Boston 

Societj'  of  Cml  Engineers  was  held  in  the  Society's  library  at  2  o'clock  p.m.; 
Vice-President  Frederick  Brooks  in  the  chair.     Fourteen  members  present. 

Mr.  Cheney,  for  the  Committee  on  Boston  Building  Laws,  submitted 

a  report  in  relation  to  amendments  proposed  by  Mr.  Wason.  The  committee 

suggested  certain  changes  in  the  original  report,  so  that  it  shall  read  as 
follows  : 

The  Committee  on  Amendments  to  Boston  Building  Laws  would  recommend  the 
following  amendments  to  the  present  law: 

Section  19.  Immediately  before  table  of  "Deflection.— Modulus  of  Elasticity"  insert 
the  following: 

Shearing  and  bearing  stresses  on  bolts  whether  wrought  iron  or  steel  shall  be  not 
higher  than  allowed  by  the  above  table  for  wrought  iron.  All  connections  in  skeleton 
buildings  of  which  the  height  exceeds  twice  the  least  horizontal  dimension,  all  joints  in 
steel  trusses  and  girders,  and  all  connections  of  such  trusses  and  girders  to  the  sides  of 
steel  columns,  shall  be  made  by  means  of  rivets. 

Section  19.    Amend  paragraph  beginning  "Stresses  for  Steel,"  so  that  it  will  read: 
Stresses  for  steel  are  those  for  "Structural  Steel,"  having  an  ultimate  tensile 

strength  of  55,000  to  65,000  pounds  per  square  inch,  an  elastic  limit  of  not  less  than 
one-half  the  ultimate  strength  and  a  minimum  elongation  in  8  inches  of  1,400,000  divided 
by  the  ultimate  strength,  per  cent. 

Section  19.  Amend  the  figure  for  the  extreme  fiber  stress  in  cast  iron  in  tension 
by  increasing  from  2500  to  3000. 

Section  19.  In  headings  under  both  "Stonework"  and  "Brickwork,"  after  the  word 
"Stresses,"  insert  the  words  "in  compression." 

Section  19.     After  the  portion  devoted  to  brickwork,  insert  the  following: 

Concrete. 

When  the  structural  use  of  concrete  is  proposed,  a  specification,  stating  the  quality 
and  proportion  of  materials  and  the  method  of  mixing  thereof,  shall  be  submitted  to 
the  Building  Commissioner,  who  may  issue  a  permit  at  his  discretion  and  under  such 
further  conditions  as  he  sees  fit  to  impose. 

In  first-class  Portland  cement  concrete  containing  i  part  cement  to  not  exceeding 
6  parts  properly  graded  aggregate  of  stone  and  sand,  except  in  piers  or  columns  of 
which  the  height  exceeds  6  times  the  least  dimension,  the  compressive  stress  shall  not 
exceed  30  tons  per  square  foot. 

In  piers  and  columns  of  first-class  Portland  cement  concrete,  containing  i  part 
cement  to  not  exceeding  5  parts  properly  graded  aggregate  of  stone  and  sand,  where 
the  height  of  pier  or  column  is  more  than  6  times  and  does  not  exceed  12  times  its 
least  dimension,  the  compressive  stress  shall  not  exceed  25  tons  per  square  foot. 

In  steel-concrete  beams  or  slabs  subjected  to  bending  stresses,  the  entire  tensile 
stress  shall  be  carried  by  the  steel,  which  shall  not  be  strained  above  the  limits  allowed 

for  this  material.  First-class  Portland  cement  concrete  in  such  beams  or  slabs,  com- 
posed of  I  part  cement  to  not  exceeding  5  parts  of  properly  graded  aggregate  of  stone 

and  sand,  may  be  strained  in  compression  to  not  exceeding  500  pounds  per  square  inch. 
In  case  i  part  of  cement  to  not  exceeding  3  parts  of  properly  graded  aggregate  of  stone 
and  sand  is  used,  this  stress  may  be  increased  to  not  exceeding  600  pounds  per  square 
inch.     Concrete  shall  not  be  strained  in  shear  more  than  30  pounds  per  square  inch. 

Section  23.  After  "iron,"  where  it  first  occurs,  omit  the  words,  "or  steel,"  and 
insert  "steel  or  concrete-steel,"  and  after  "masonry  arches  "  insert  "or  concrete-steel  slabs." 

Section  27.  After  "covers,"  in  third  line  from  end,  insert  "or  with  first-class 
Portland  cement  concrete  containing  i  part  of  cement  to  not  exceeding  6  parts  of  properly 
graded  aggregate  of  stone  and  sand,  the  concrete  to  be  filled  in  and  around  the  pile  heads  upon 

the  intervening  earth." 
Section  30.  In  third  line,  after  "nineteen,"  insert  "or  Portland  cement  concrete  as 

provided  in  Section  27." 
Section  30.  Between  lines  15  and  16,  after  "foundations  of  brick,"  insert  "or 

concrete." 
Section  55  to  be  amended  to  read  as  follows:  All  new  or  renewed  floors  shall 

be  so  constructed  as  to  carry  safely  the  weight  to  which  the  proposed  use  of  the 
building  will  subject  them,  and  every  permit  granted  shall  state  for  what  purpose  the 
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building   is    designed    to    be    used;    but   the    least    capacity    per    superficial    square    foot, 
exclusive   of  materials,   shall   be: 

For  floors  of  dwellings  and  for  apartment  floors  of  apartment  and  public  hotels, 
50  pounds. 

For  office  floors  and  for  public  rooms  of  apartment  and  public  hotels,   100  pounds. 
For  floors  of  retail   stores  and  public  buildings,   except  schoolhouses,    125  pounds. 
For  floors  of  schoolhouses,  other  than  floors  of  assembly  rooms,  80  pounds,  and 

for  floors  of  assembly  rooms,   125  pounds. 
For  floors  of  drill  rooms,  dance  halls  and  riding  schools,  200  pounds. 
For  floors  of  warehouses  and  mercantile  buildings,  at  least  250  pounds. 
The  loads  for  floors  not  included  in  this  classification  shall  be  determined  by  the 

Commissioner,  subject  to  appeal,  as  provided  by  law. 
The  full  floor  load  specified  in  this  section  shall  be  included  in  proportioning  all 

parts  of  buildings  designed  for  dwellings,  hotels,  schoolhouses,  warehouses,  or  for 
heavy  mercantile  and  manufacturing  purposes.  In  other  buildings,  however,  certain 
reductions  may  be  allowed,  as  follows:  In  girders  carrying  more  than  100  square  feet 
of  floor,  the  live  load  may  be  reduced  by  10  per  cent.  In  columns,  piers,  walls  and 
other  parts  carrying  two  floors,  a  reduction  of  15  per  cent,  of  the  total  live  load  may  be 
made;  where  three  floors  are  carried,  the  total  live  load  may  be  reduced  by  20  per  cent.; 
four  floors,  25  per  cent.;  five  floors,  30  per  cent.;  six  floors,  35  per  cent.;  seven  floors, 
40  per  cent. ;  eight  floors,  45  per  cent. ;  nine  or  more  floors,  50  per  cent. 

Your  Committee  would  state  that  they  have  had  the  co-operation  of  the  Committee 
on  Building  Law  of  Boston  Society  of  Architects  and  the  Building  Commissioner  of 

the  City  of  Boston  in  the  framing  of  the  proposed  amendments,  and  also  their  con- 
currence in  the  same. 

Respectfully   submitted, 
John  E.   Cheney, 
Joseph   R.   Worcester, 
Henry    A.    Phillips. 

After  a  lengthy  discussion,  it  was  voted  to  adopt  the  report  in  its 
amended  form,  13  yes  and  i  no. 

It  was  further  voted  that  the  committee  be  authorized  to  appear  before 
the  Legislature  and  report  the  progress  which  the  Society  had  made  in  the 

consideration  of  the  matter  of  amending  the  Boston  Building  Laws. 
Adjourned. 

S.  E.  TiNKHAM,  Secretary. 

Sanitary  Section. 

Boston,  Mass.,  February  3,  1904. — The  first  regular  meeting  of  the  Sani- 
tary Section  of  the  Boston  Society  of  Civil  Engineers  was  held  at  Hotel 

Nottingham,  Boston,  February  3,  1904.  One  hundred  and  twenty  members 
and  guests  present. 

The  subject  for  discussion  was  "The  Use  of  the  Septic  Tank  in  Sewage 
Disposal  Works." 

Papers  were  read  by  Frank  A.  Barbour,  Boston ;  George  E.  Boiling, 

Brockton;  H.  P.  Eddy,  Worcester;  X.  H.  Goodnough,  Boston;  H.  W.  Clark, 
Boston,  and  Prof.  L.  P.  Kinnicutt,  Worcester. 

Communications  were  read  by  the  Clerk  from  R.  Winthrop  Pratt,  Co- 
lumbus, Ohio,  and  Andrew  J.  Gavett,  Plainfield,  N.  J. 

The  subject  was  discussed  by  C-E.  A.  Winslow,  Massachusetts  Insti- 
tute of  Technology;  F.  Herbert  Snow,  Boston;  Dr.  Douglas  C.  Moriarta, 

Saratoga,  N.  Y.,  and  George  A.  Carpenter,  Pawtucket,  R.  I. 
William  S.  Johnson,  Clerk. 

Boston^  Mass.,  March  2,  1904.- — The  first  annual  meeting  of  the  Sanitary 
Section  of  the  Boston   Society  of  Civil   Engineers  was  held  at  the  United 
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States   Hotel,    Boston,    ̂ Nlarch  2,    1904.     Eighty-eight   members   and   guests 
present. 

Voted  that  the  reading  of  the  records  of  the  last  meeting  be  omitted. 
The  report  of  the  Executive  Committee  was  read  and  accepted. 
The  names  of  sixteen  applicants  for  admission  into  the  Section  were 

presented.  These  applications  having  been  favorably  acted  upon  by  the 
Executive  Committee  of  the  Section  and  the  Board  of  Government  of  the 

Society,  the  Secretary  was  instructed  to  cast  one  ballot  for  each  of  the 

candidates,  and  they  were  declared  elected  to  membership  in  the  Section. 
The  following  is  a  list  of  the  men  so  elected :  Henry  J.  Glendenning, 

William  W.  Burnham,  F.  G.  Berry,  Douglas  C.  Moriarta,  M.D.,  Henry  E. 

Mead,  Adolph  Getman,  E.  J.  Winn,  Theodore  L.  Pike,  William  H.  Patter- 
son, Patrick  E.  Pettee,  Stephen  De  M.  Gage,  George  E.  Boiling,  Earle  B. 

Phelps,  W.  F.  Whitman,  George  A.  Smith  and  Charles  W.  Conant. 

Voted  that  a  committee  of  five  be  appointed  by  the  Chair  to  retire  and 

bring  in  nominations  for  officers  for  the  ensuing  year.  The  Chair  appointed 
C.  W.  Sherman,  J.  A.  Holmes,  A.  D.  Fuller,  C.  R.  Felton  and  T.  Howard 
Barnes. 

The  committee  brought  in  the  following  nominations  : 

For  Chairman — Lewis  M.  Hastings. 
For  Vice-Chairman — Harrison  P.  Eddy. 
For  Clerk — William  S.  Johnson. 
For  Members  of  the  Executive  Committee — Freeman  C.  Coffin,  Leonard 

Metcalf  and  George  A.  Carpenter. 

By  vote  of  the  Section  the  Clerk  cast  one  ballot  for  each  of  the  above, 
and  they  were  declared  elected. 

On  motion  of  Bertram  Brewer,  it  was  voted  that  a  committee  of  five 

be  appointed  by  the  Chair  to  consider  the  subject  of  "Uniform  Statistics  of 
Sewer  Maintenance." 

The  Chairman  appointed  the  following  to  serve  on  the  committee : 

Bertram  Brewer,  Iriving  T.  Farnham,  W.  D.  Hunter,  W.  D.  Hubbard  and 
H.  P.  Eddy. 

The  subject  for  discussion  at  the  meeting  was  "The  Cleaning  and 
Flushing  of  Sewers,"  and  it  was  participated  in  by  J.  L.  Woodfall,  W.  D. 
Hubbard,  Charles  R.  Felton,  Dana  P.  Libbey,  Bertram  Brewer,  W.  C. 
Parmley,  E.  S.  Dorr  and  F.  H.  Snow. 

William  S.  Johnson,  Clerk. 

Report  of  the  Executive  Committee  of  the  Sanitary   Section  of  the 
Boston  Society  of  Civil  Engineers. 

Boston^  March  2,  1904. 

The  amendment  of  the  By-laws  of  the  Boston  Society  of  Civil  Engineers, 
providing  for  the  formation  ci  sections  for  the  consideration  of  special 

branches  of  engineering,  was  adopted  by  the  Society  at  a  meeting  held 
December  16,  1903.  On  the  same  date  a  petition,  signed  by  fourteen  members 

of  the  Society,  was  presented  to  the  Board  of  Government  for  the  formation, 

under  the  revised  Bylaws,  of  a  section  for  the  consideration  of  special  sub- 

jects relating  to  sanitary  engineering,  to  be  known  as  the  "Sanitary  Sec- 

tion of  the  Boston  Society  of  Civil  Engineers."  On  December  21,  1903, 
the  Sanitary  Section  was  established  by  the  Board  of  Government  in  accord- 

ance with  this  petition  and  under  the  authority  of  Section  15  of  the  By-laws. 
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Business  meetings  of  the  "Section  thus  established  were  held  January  i 
and  27,  1904,  at  which  meetings  By-laws  for  the  government  of  the  Section 
were  considered  and  adopted  subject  to  the  approval  of  the  Board  of 

Government.  The  By-laws  finally  adopted  by  the  Section  were  approved 
by  the  Board  of  Government  on  January  27th,  and  are  to  be  printed  in  a 
forthcoming  number  of  the  Journal  of  the  Association  of  Engineering 
Societies. 

At  the  meeting  of  January  27th  officers  were  elected  to  serve  until  the 

annual  meeting,  to  be  held  in  March. 

The  first  general  meeting  of  the  Section  was  held  February  3,  1904,  at 

Hotel  Nottingham,  the  meeting  being  preceded  by  a  dinner.  To  this  meeting 

and  dinner  a  general  invitation  was  extended  to  all  those  who  were  inter- 
ested in  the  objects  of  the  Section  or  in  the  subject  discussed.  Dinner  was 

served  to  74,  and  120  were  present  at  the  meeting  which  followed  the  dinner. 

The  subject  of  the  meeting  was  "The  Use  of  the  Septic  Tank  in  Con- 

nection with  Sewage  Disposal  Works,"  and  papers  were  presented  by  Frank 
A.  Barbour,  C.E.,  of  Boston;  George  E.  Boiling,  Chemist  in  charge  of  Sewage 
Disposal  Works  at  Brockton;  Harrison  P.  Eddy,  Superintendent  of  Sewers, 

Worcester;'  R.  W.  Pratt,  Engineer  of  State  Board  of  Health,  of  Ohio; 
Andrew  J.  Gavett,  City  Surveyor  of  Plainfield,  N.  J. ;  X.  H.  Goodnough, 

Chief  Engineer,  State  Board  of  Health  of  Massachusetts ;  Douglas  C.  Mo- 
riarta,  M.D.,  Chairman  of  Sewer  Commissioners,  Saratoga,  N.  Y. ;  George 

A.  Carpenter,  City  Engineer,  Pawtucket,  R.  I. ;  H.  W.  Clark,  Chemist  of 
the  State  Board  of  Health  of  Massachusetts ;  Prof.  L.  P.  Kinnicutt,  of  the 

Worcester  Polytechnic  Institute ;  C-E.  A.  Winslow,  of  the  Massachusetts 
Institute  of  Technology,  and  F.  Herbert  Snow,  C.E.,  of  Boston.  The  papers 

which  were  presented  at  this  meeting  are  to  be  printed  in  the  Journal  of 
the  Association  of  Engineering  Societies. 

At  the  first  two  meetings  of  the  Section  the  membership  consisted  of  the 

fourteen  signers  of  the  petition  to  the  Board  of  Government  for  the  estab- 
lishment of  the  Section.  Previous  to  the  February  meeting  an  opportunity 

was  given  to  members  of  the  Boston  Society  of  Civil  Engineers  to  make 
application  for  enrollment  in  the  Sanitary  Section,  and  such  applications 
have  been  received  from  100  members  and  one  associate  of  the.  Society, 

making  a  total  membership  in  the  Section  of  115,  or  about  22  per  cent,  of 
the  total  membership  of  the  Society. 

Applications  have  been  received  from  sixteen  persons,  not  members  of 

the  Boston  Society  of  Civil  Engineers,  for  Section  membership.  These 

applications  have  been  favorably  acted  upon  by  the  Executive  Committee  of 
the  Section  and  the  Board  of  Government  of  the  main  Society,  and  will  be 

presented  to  the  Section  at  the  March  meeting. 

Respectfully  submitted  for  the  Executive  Committee, 
William  S.  Johnson,  Clerk. 

Twenty-second  Annual  Dinner. 

The  twenty-second  annual  dinner  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  at  the  Hotel  Brunswick,  Boston,  Tuesday  evening,  March  i, 

1904,  and  was  attended  by  151  members  and  guests.  An  informal  reception 

was  held  at  6  and  the  dinner  was  served  at  7  o'clock. 
At  the  after-dinner  speaking,  the  President  of  the  Society,  Prof.  Ira  N. 

Hollis,  acted  as  toastmaster,  and  in  opening  called  attention  to  the  change 
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in  the  Constitution  of  the  Society  which  permitted  the  formation  of  sections. 

The  Sanitary  Section  had  been  organized  with  a  large  membership,  and  he 

hoped  others  would  soon  be  formed.  He  described  the  true  function  of  a 

local  society  of  engineers  as  one  which  would  bring  together  members  of 

the  national  societies  residing  in  that  district,  and  expressed  the  hope  that 

the  different  engineering  societies  in  Boston  would  co-operate  and  form  one 
large  local  society. 

The  first  speaker  introduced  was  the  Hon.  James  F.  Jackson,  Chairman 

of  the  Massachusetts  Railroad  Commissioners,  who  spoke  of  the  deep  obliga- 
tion the  Commission  was  under  to  the  civil  engineering  profession,  upon 

which  it  has  depended  very  much.  He  referred  to  the  difference  in  railroad 

managements,  where  on  one  road  attention  is  given  to  the  convenience  and 

comfort  of  the  traveling  public,  while  on  another  the  employers  are  in- 

different. This  is  caused  mainly  by  the  disadvantage  of  corporate  organiza- 
tion where  the  officials  never  reach  the  men  and  by  the  failure  to  separate 

the  administrative  power  and  the  question  of  expenditure  of  money.  Mr. 

John  Ritchie,  President  of  the  Appalachian  Mountain  Club,  expressed  the 

best  wishes  and  compliments  of  that  Club  and  his  appreciation  of  the  organi- 
zation of  the  Boston  Society  of  Civil  Engineers  and  the  excellent  work  it 

is  doing.  Prof.  A.  E.  Kinnelly  of  Harvard  University,  responded  for  the 

electrical  engineers,  and  expressed  the  desire  that  the  branch  of  the  Ameri- 

can Institute  of  Electrical  Engineers  in  Boston  should  be  more  closely  con- 
nected with  the  different  branches  of  engineering,  for  thereby  they  would 

gain  knowledge  of  what  was  being  done  by  engineers  of  all  specialties.  Mr. 

L.  M.  Hastings,  Chairman  of  the  newly-formed  Sanitary  Section,  described 
the  work  which  that  Section  hoped  to  accomplish.  Mr.  Walter  C.  Parmley, 

President  of  the  Civil  Engineers'  Club  of  Cleveland,  brought  the  fraternal 
greeting  of  that  Club,  and  Capt.  W.  E.  McKay,  President  of  the  New 

England  Association  of  Gas  Engineers,  closed  the  speaking  of  the  evening. 

Among  the  guests  of  the  Society,  in  addition  to  the  speakers  already 

mentioned,  were:  Gen.  S.  ̂ I.  Mansfield,  late  Chief  of  Engineers,  United 

States  Army;  Mr.  E.  C.  Brooks,  President  New  England  Water  Works 

Association ;  Capt.  Geo.  H.  Kearney,  United  States  Navy,  and  Mr.  A.  W. 

Parker.    Music  was  furnished  by  the  Apollo  Quartette  of  Boston. 

Boston,  March  16,  1904. — The  annual  meeting  of  the  Boston  Society  of 

Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.40  o'clock 
P.M.:  President  Ira  X.  Hollis  in  the  chair.  Eighty-six  members  and  visitors 
present. 

The  records  of  the  last  regular  meeting  and  of  the  adjourned  meeting 
of  February  20,  1904,  were  read  and  approved. 

The  following  were  elected  to  membership :  Edward  G.  Bradbury, 
Albert  F.  Brown,  George  A.  Clark,  Harry  W.  Clark;  Luzerne  S.  Cowles, 
Fred  B.  Forbes,  Andrew  J.  Gavett,  Wilberforce  B.  Hammond,  Herbert  C. 

Hartwell,  Paul  Hansen,  William  H.  Jaques,  Edwin  R.  Olin,  John  J.  Phelan, 

Herbert  W.  Sheldon,  Frederick  E.  Tupper,  Charles  U.  Umstead,  John  J. 

Van  Valkenburg,  Ralph  Whitman,  Rufus  M.  Whittet  and  Charles-Edward 
Amory  Winslow. 

The  question  of  adopting,  at  a  second  meeting,  the  report  of  the  Com- 
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miltee  on  Amendments  to  Boston  Building  Laws  was  then  taken  up.  After 

a  short  discussion  by  Messrs.  Main,  Cheney  and  Worcester,  and  a  very 

exhaustive  one  in  opposition  by  Mr.  Rowland,  the  report  was  adopted  for 
the  second  time,  as  required  by  the  Constitution,  s^  voting  in  favor  and 

3  against. 
The  President  read  the  annual  report  of  the  Board  of  Government, 

which  was  accepted  and  ordered  to  be  placed  on  file. 

The  Treasurer  read  his  annual  report,  which  was  accepted  and  ordered 

to  be  placed  on  file. 

The  Secretary  read  his  annual  report,  which  was  also  accepted  and 
ordered  to  be  placed  on  file. 

Mr.  Miner,  for  the  Committee  on  Excursions,  read  the  annual  report 

of  that  committee,  which  was  accepted  and  placed  on  file. 

The  Librarian  read  the  annual  report  of  the  Committee  on  the  Library, 

which  was  accepted  and  placed  on  file. 

Mr.  Howe  made  verbal  reports  for  the  Committees  on  Quarters  and  on 
Advertisements. 

It  was  voted  to  appropriate  the  sum  of  $50  for  the  purchase  of  standard 

engineering  books  for  the  Library. 

It  was  voted  to  refer  to  the  Board  of  Government,  with  full  powers, 

the  appointment  of  the  special  committees  of  the  Society  and  the  selection 
of  the  members  thereof. 

It  was  voted  to  refer  to  the  Board  of  Government,  with  full  powers, 

the  question  of  exchanging  club  house  and  library  privileges  with  other 

engineering  societies  and  the  issuing  of  cards  of  identification. 

It  was  also  voted  to  refer  to  the  Board  of  Government  the  question  of 

entertaining  the  British  Mechanical  Engineers  who  are  to  visit  Boston  this 

summer,  and  the  Board  was  also  authorized  to  confer  with  a  committee  of 

the  mechanical  engineers  of  Boston,  in  relation  to  the  matter. 

On  motion  of  ±Ar.  Miner,  the  thanks  of  the  Society  were  voted  to  Rear- 
Admiral  Mortimer  C.  Johnson,  Commandant,  and  to  Charles  W.  Parks, 

Civil  Engineer  at  the  Navy  Yard,  for  courtesies  extended  to  the  Society 

on  the  occasion  of  the  visit  to  the  Charlestown  Navy  Yard  this  afternoon. 

Messrs.  Austin  B.  Fletcher  and  W.  Lewis  Clark,  the  tellers  of  election, 

submitted  the  result  of  the  letter  ballot  for  officers,  and  in  accordance  with 

t'heir  report,  the  following  officers  were  declared  elected : 
President — Frederick  Brooks. 

Vice-President   (for  two  years) — Otis  F.  Clapp. 

Secretary — S.  Everett  Tinkham. 
Treasurer — Edward  W.  Howe. 

Librarian— Frank  P.  McKibben. 

Director  (for  two  years) — Leonard  Metcalf. 

The  President-elect  was  then  presented,  and  in  a  few  pleasant  words 
thanked  the  Society  for  the  honor  conferred  upon  him. 

President  Hollis  then  addressed  the  meeting  in  a  very  interesting  manner, 

taking  for  his  subject  "Some  Data  on  Marine  Engines." 
Adjourned. 

S.  E.  Tinkham,  Secretary. 
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AxxuAL  Report  of  the  Board  of  Government  for  the  Year  1903-04. 

Boston,  March  16,  1904. 

To  the  Members  of  the  Boston  Society  of  Civil  Engineers : 

In  compliance  with  the  requirements  of  the  Constitution,  the  Board  of 

Government  submits  its  report  for  the  year  ending  March  16,  1904. 

At  the  last  annual  meeting  the  total  membership  of  the  Society  was  509, 
of  whom  502  were  members,  2  honorary  members  and  5  associates.     During 

the  j'ear  we  have  lost  14  members :   5  by  resignation,   4  by  forfeiture  of 
membership   for  non-payment  of  dues   and   5  by  death.     There  have  been 
added  to  the   Society  during  the  year  S3  members,   of  whom  30  are  new 

members,  3  are  members  reinstated  by  the  Board  of  Government  and  i  has 
been  transferred  from  temporary  membership  to  permanent  membership.    Our 

present  membership  consists  of  2  honorary  members,  8  associates  and  518 
members,  a  total  of  528.     Two  additional  members  have  been  elected,  but 

have  not  yet  completed  their  membership.     Sixteen  new  members  have  been 

elected  in  the  Sanitary  Section,  of  whom  4  have  completed  their  membership 
at  this  date.     The  record  of  deaths  during  the  year  is : 

George  R.  Hardy,  died  April  2,  1903. 
Alphonse  Ffeley,  died  June  11,   1903. 

William  C.  Ogden,  died  October  12,  1903. 
Frank  P.  Johnson,  died  November  i,  1903. 

George  A.  Ellis,  died  December  27,  1903. 

Ten  regular  and  two  special  meetings  have  been  held  during  the  year, 

and  the  twenty-second  annual  dinner  was  given  at  the  Hotel  Brunswick,  on 
March  i,  1904.  The  average  attendance  at  the  regular  and  special  meetings 

was  81  •  the  largest  attendance  was  130,  and  the  smallest  35.  The  number 
at  the  annual  dinner  was  151. 

At  the  several  meetings  the  following  papers  have  been  read : 

March  18,  1903. — Mr.  A.  W.  Parker,  "Early  and  Curious  Types  of  the 
Cantilever  Bridge  in  New  England."     (Illustrated.)     Discussion. 

Address  of  President  George  A.  Kimball. 

April  15,  1903. — Memoir  of  George  R.  Hardy. 

May  20,  1903. — Dr.  Louis  Duncan,  "The  Electrical  Transmission  of 

Power." 
June  24,  1903. — John  R.  Freeman,  "Problems  Connected  with  the  Pro- 

posed Charles  River  Dam."     (Illustrated.) 

September  16,  1903. — William  O.  Webber,  "Rainfall  and  Run-off  of 

New  England  and  Atlantic  Coast  Streams."     Discussion.     (Illustrated.) 

October  21,  1903. — President  Ira  N.  Hollis,  "Description  of  Concrete 

Stadium  for  Harvard  College." 

December  8,   1903. — Prof.   L.   J.   Johnson,   "Prominent   Features  in   the 
Design  of  the  Steel-Concrete  Work  of  the  Harvard  Stadium."     (Illustrated.) 
Discussion  by  Professors  Norton  and  Lanza  of  the  Institute  of  Technology 
and  Professor  French  of  the  Worcester  Polytechnic  Institute. 

December  16,  1903. — Memoir  of  Alphonse  Fteley. 

January    14,    1904. — George    B.    Francis,    "Timber    Crib    Foundations." 
(Illustrated),    and    "Description    of    the    Construction    of    a    Double-track 
Third-rail  Electric  Road  Between  Scranton  and  Wilkesbarre."     (Illustrated.) 

January  29,  1904. — George  A.  Kimball,  "Notes  on  Passenger  Traffic  in 
Some  Foreign  Cities."     (Illustrated.) 
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February  17,  1904. — Leonard  C.  Wason,  ''Concrete-Steel  as  Applied  to 
Structural  Work."     (Illustrated.) 

On  account  of  the  number  of  special  meetings  of  the  Society  and  the 
meetings  of  the  Sanitary  Section,  the  only  informal  meeting  held  during 
the  year  was  on  April  i,  1903,  at  which  a  discussion  was  held  on  the  best 

method  of  making  tight  joints  in  pipe  sewers,  Mr.  E.  W.  Branch  speaking 
particularly  on  experiments  made  with  asphalt  joints. 

During  the  year  the  Constitution  and  By-laws  of  the  Society  have  been 
amended  as  follows:  (i)  In  relation  to  dues.  Those  now  joining  the 

Society  pay  no  dues  during  the  first  year,  their  initiation  fee  being  con- 
sidered sufficient  to  entitle  them  to  membership  for  one  year.  (2)  A  salary 

of  $50  has  been  voted  for  the  services  of  the  Librarian.  (3)  Section 

IS  has  been  changed  to  provide  for  Sections  of  the  Society.  The  charges 
for  those  members  of  the  Sections  who  are  not  members  of  the  Society  are 
$5  entrance  fee  and  $5  annual  dues. 

The  modification  of  Section  15  marks  a  change  in  the  organization  of 

the  Society  in  the  direction  of  recognizing  specialization  in  engineering. 

This  chang^e  was  foreshadowed  by  allowing  the  use  of  the  library  to  two 
New  England  societies,  namely,  the  New  England  Waterworks  Association 
and  the  Gas  Engineers.  It  seems  to  proceed  upon  the  theory  that  the  Boston 

Society  of  Civil  Engineers  should  be  the  general  society  of  this  community, 

and  that  the  societies  built  up  upon  specialties  should  be  branches  thereof. 

One  Section  was  established,  to  be  called  the  Sanitary  Section  of  the 

Bo?ton  Society  of  Civil  Engineers,  by  petition  of  fourteen  members  of  the 
Society  presented  to  the  Board  of  Government  on  December  16,  1903.  This 
Section  was  authorized  by  the  Board  of  Government  on  December  21st,  and 

the  Bj^-laws  finally  adopted  were  approved  by  the  Board  of  Government  on 
January  27th.  Officers  have  been  elected,  and  the  first  general  meeting  of 

the  Section  was  held  on  February  3,  1904,  at  the  Hotel  Nottingham.  The 
Section  now  numbers  114  members  and  i  associate  of  the  Boston  Society 

of  Civil  Engineers  and  4  members  who  are  not  members  of  the  Boston 

Society  of  Civil  Engineers.  Thus  the  total  membership  is  119.  Two  papers 

have  been  read,  at  meetings  of  the  Section:  (i)  "The  Use  of  the  Septic 

Tank  in  Connection  with  Sewage  Disposal  Work."  (2)  "The  Cleaning 

and  Flushing  of  Sewers." 
There  has  been  some  discussion  among  the  mechanical  engineers  of 

this  neighborhood  as  to  the  advisability  of  establishing  another  section  of 

the  Boston  Society  of  Civil  Engineers.  A  committee  was  appointed  to 
consider  the  subject  and  various  meetings  were  held.  At  a  meeting  of 

mechanical  engineers  on  February  25th,  it  was  voted  to  recommend  that  the 

mechanical  engineers  in  New  England  become  members  of  the  Boston  Society 
of  Civil  Engineers.  The  committee  appointed  to  consider  the  subject  had 
been  unanimously  of  the  opinion  that  the  mechanical  engineers  should  not 

organize  themselves  into  a  local  society  separate  from  civil,  electrical  and 

other  engineers,  the  reasons  given  being  as  follows:  (i)  The  Society  is 

of  long  standing  as  an  existing  organization,  and  is  in  a  flourishing  condi- 
tion. (2)  It  has  its  own  library,  immediately  available  for  the  use  of  those 

joining  the  Society.  (3)  It  has  a  well-established  and  high-grade  journal 
for  the  publication  of  papers  presented  at  its  meetings.  (,4)  Its  membership 
includes  already  between  500  and  600  engineers  belonging  to  all  branches  of 

the  profession.  It  is  hoped  that  this  discussion  by  the  mechanical  engineers 
may  result  in  a  large  increase  of  membership  in  our  Society. 



PROCEEDINGS.  35 

A  committee  of  the  Society,  consisting  of  three  members^  was  appointed 

in  the  late  fall  to  consider  the  Boston  building  laws,  and  to  suggest  to  the 
Legislature  such  modifications  as  seemed  advisable.  This  committee  has 

appeared  at  several  hearings,  and  its  report  has  been  considered  by  the 
Society,  although  it  is  not  yet  approved.  The  discussion  of  the  work  of  the 
committee  has  given  rise  to  some  further  consideration  of  the  policy  for  the 

future.  Is  if  good  policy  for  the  Society  to  make  recommendations  in  regard 

to  legislative  enactments,  especially  where  the  recommendations  involve  a 

large  amount  of  professional  experience?  Where  the  subject  is  one  involv- 
ing the  welfare  of  the  community,  such  as  the  better  construction  of  buildings, 

it  has  seemed  to  the  Board  of  Government  entirely  proper  for  the  Society 
to  appear  and  to  assist  the  State  by  its  advice. 

The  income  of  the  Society  during  the  year  has  just  met  its  expenses. 
Nevertheless,  the  Board  of  Government  has  adopted  the  recommendation 

of  previous  Boards  with  regard  to  the  purchase  of  engineering  books  to  be 

placed  in  the  library.  The  sum  of  $50  was  voted  for  this  purpose,  and  it  is 

earnestly  recommended  that  the  practice  be  continued. 

A  badge  of  the  Society  was  adopted  during  the  fall,  and  125  of  the  mem- 
bers have  purchased  them. 

During;  the  spring  of  1903  the  Board  of  Government  voted  to  allow 
the  New  England  Association  of  Gas  Engineers  a  bookcase  and  library 

privileges  in  the  Society  rooms. 

It  has  been  suggested,  in  accordance  with  the  practice  of  other  engineer- 
ing societies,  that  arrangements  be  made  for  an  exchange  of  club  house 

and  library  privileges  with  the  several  national  and  local  engineering  socie- 
ties. By  means  of  a  card  of  identification  issued  to  its  members,  this  Society 

would  thus  have  open  to  it  the  rooms  of  societies  in  a  number  of  cities. 
The  Board  of  Government  recommends  this  to  the  consideration  of  the 

Society. 
For  tlie  Board  of  Government, 

Ira  N.  Hollis,  President. 

Abstract  of  the  Treasurer's  and  the  Secretary's  Reports  for  the  Year 

1903-04. 
current  fund. 

Receipts: 

Dues  from  new  members    $137.00 

Dues  for  year  189899    8.00 

Dues   for  year   1903-04    3;35400 

Dues  for  year  1904-05    31.00 
Sales  of  Journals  and  library  fines    9.21 
Rent  of  rooms    933-33 

Advertisements    in   Journal    448.20 
Interest  on  deposits      18.56 

Balance  on  hand  March  19,  1903    520.07    $5,459-37 

Expenditures: 
Rent       $1,685.00 

Association  of  Engineering  Societies    1,037.30 

Printing,  postage  and  stationery    625.85 
20 
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Salary  of  Secretary      $400.00 
Furniture       171.40 

Library   maintenance       143-46 

Incidentals      137.01 

Commission   on   advertisements    134.70 

Salary  of  Custodian     •    100.00 
Annual   dinner       90.50 

Stereopt.'con       60.00 
Periodicals      53.30 
Books    48.70 

Binding       48.25 

Lighting   rooms       42.42 
Reporting  meetings    39.00 
Salary  of  Librarian     16.66 

Sample  badges      15.00    $4,848.55 

Balance  on-  hand  March  16,  1904        $610.82 
Due  from  Permanent  Fund             169.43 

Cash  balance  March  16,  1904        $441.39 

PERMANENT    FUND. 

Receipts: 

Thirty-one  entrance  fees.   Society      $310.00 
Four  entrance  fees,  Sanitary  Section    20.00 
Interest  on  deposits,  Savings  Banks    242.64 

Subscription  to  Building  Fund    100.00 
Interest  on  bond      36.00 

Balance  on  hand  March  19.  1903    . .  .  264.57 
  $973.21 

Expenditures: 

Dues  on  shares  Merchants'  Co-operative  Bank    $300.00 
Dues  on  shares  Volunteer  Co-operative  Bank    300.00 

Dues  on  shares  Workingmen's  Co-operative  Bank    300.00 
Deposit  in  Provident  Institution  for  Savings    44.55 

Deposit  in  Boston  Five-cents  Savings  Bank    41.55 
Deposit  in  Warren  Institution  for  Savings    39-35 
Deposit  in  Franklin  Savings  Bank    38.49 

Deposit  in  Eliot  Five-cents  Savings  Bank    39.85 
Deposit  in  Institution  for  Savings  in  Roxbury    38.85 

   $1,142.64 

Due  Current  Fund          $169.43 

PROPERTY  BELONGING  TO  THE  PERMANENT  FUND^   MARCH    l6,    I9O4. 

25  shares  Volunteer  Co-operative  Bank      $3,272.50 

25  shares  Workingmen's   Co-operative   Bank       2',932.48 
25  shares  Merchants'  Co-operative  Bank      2,327.12 
Deposit   in   Provident   Institution   for   Savings    1,306.83 

Deposit  in  Boston  Five-cents  Savings  Bank    1,218.83 
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Deposit  in  Eliot  Five-cents   Savings   Bank    $1,168.92 

Deposit'  in  Warren  Institution  for  Savings    1,1 53-95 
Deposit  in  Institution  for  Savings  in  Roxbury    1,140.27 

Deposit  in  Franklin  Savings  Bank    1,129.07 
One  Republican  Valley  Railroad  bond   (par  value)    600.00 

$16,249.97 

Less  amount  due  Current  Fund          169.43 

$16,080.54 

Amount  as  per  last  annual  report      14,998.74 

Increase  during  the  year     $1,081.80 

TOT.\L   PROPERTY  OF  THE   SOCIETY  IN   THE  POSSESSION   OF  THE  TREASURER. 

Permanent    Fund      $16,249.97 
Current  Fund            441-39 

$16,691.36 
Amount  as  per  last  annual  report      15,518.81 

Total   increase   during   the  year    $1,172.55 

•  Report  of  CoxMmittee  on  Excursions. 

Boston,  March  16,  1904. 

To  the  Members  of  the  Boston  Society  of  Civil  Engineers: 

The  Committee  on  Excursions  herewith  presents  its  annual  report  for 

the  year  1903-04 : 
Twelve  excursions  have  been  made  during  the  year,  as  follows : 

May  20,  1903. — To  the  State  Street  Section  of  the  East  Boston  Tunnel. 
Attendance.  35. 

June  17,  1903. — An  all-day  excursion  to  Providence,  R.  I.  The  State 

House  and  the  State  Normal  School  were  visited,  and  at  Field's  Point  the 
Chemical  Precipitation  Works  were  inspected,  and  a  Rhode  Island  shore 

dinner  was  provided  for  the  party.  On  the  return  trip  a  stop  was  made  at 

Fall  River,  and  the  grade-crossing  work  there  was  inspected.     Attendance, 

44- 
July  25,  1903. — To  the  pumping  station,  reservoir  and  dam  of  the  Lynn 

Waterworks  at  Lynn  Woods.     Attendance,  40. 

August  22,  1903. — A  harbor  excursion  to  Boston  Light  and  to  the  Graves 
Light  now  building.     Attendance,  11 1. 

September  16,  1903.— To  the  East  Boston  Tunnel.  The  party  entering 
the  tunnel  at  Maverick  Square  and  walking  through  to  the  Old  State  House. 
Attendance,  75. 

October  17,  1903.— To  the  Stadium  of  Harvard  University.  A  concrete- 

steel  structure  at  Soldiers'  Field,  Brighton.  A  heavy  rain  shower  inter- 
fered with  this  excursion.     Attendance,  35. 

October  31,  1903. — To  the  Stadium  at  Soldiers'  Field.     After  the  struc- 
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ture  had  been  inspected,  the  Harvard-Carlisle  foot-ball  game  was  witnessed 
from  the  top  of  the  Stadium.     Attendance,  90. 

November  7,  1903. — To  the  concrete-covered  reservoir  of  the  Broukline 
Waterworks  at  Wabon  Hill.     Attendance,  19. 

January  14,  1904. — To  the  United  Shoe  Machinery  Company's  buildings 
of  concrete  construction,  at  Beverly,  Mass.     Attendance,  47. 

January  27,  1904. — To  the  new  buildings  of  the  B.  F.  Sturtevant  Com- 
pany at  Readville,  and  to  the  power  house  of  the  N.  Y.,  N.  H.  and  H.  R.  R. 

Co.  at  Hyde  Park.     Attendance,  28. 

February  17,  1904. — To  the  extension  of  the  Commissioners'  Channel  of 
Stony  Brook  through  the  Back  Bay  Fens,  Boston.    Attendance,  19. 

March  16,  1904. — To  the  Charlestown  Navy  Yard.  Under  the  guidance 
of  the  civil  engineer  of  the  yard,  the  coal  pockets,  dry  dock,  machine  shop, 

boat  house  and  cordage  works  were  visited.  The  cruiser  "Des  Moines"  was 
visited  and  the  machinery  was  shown  by  the  officers  of  the  vessel.  Attend- 

ance, 79. 

Total  attendance,  622.     Average  51.8. 

Six  numbers  of  the  Bulletin  of  Engineering  Work  have  been  published 
during  the  year. 

The  Treasurer  has  a  cash  balance  of  $25.05  and  30  coupon  railroad 
tickets  to  Beverly.  The  committee  expect  that  their  successors  will  find 
these  tickets  useful. 

Respectfully   submitted, 

Herman  K.  Higgins,  Chairman, 

Franklin  M.  Miner,  Sec'y  and  Treas. 
Edward  P.   Adams, 

W.  Lewis  Clark^ 

George  A.-  King, 
Committee  on  Excursions. 

Report  of  the  Committee  on  the  Library. 

Boston,  March  16,  1904. 

To  the  Members  of  the  Boston  Society  of  Civil  Engineers: 

The  Committee  on  the  Library  begs  leave  to  make  the  following  report 

for  1903-04 : 
As  indicated  in  the  report  of  last  year,  it  has  become  necessary  to 

mcrease  the  shelf  room  of  the  library  to  take  care  of  the  large  number  of 
books  and  pamphlets  received.  This  shelf  room  has  been  gained  by  the 

addition  of  cases,  in  which  have  been  placed  all  of  the  reference  books, 
which  comprises  Section  10.  The  addition  of  these  cases  has  necessitated 

the  removal  of  the  long  table  which  formerly  held  the  periodicals.  The 
periodicals  have  been  placed  in  a  case  made  especially  for  the  purpose. 

During  the  coming  year  if  the  number  of  books  received  in  the  library  is  as 

large  as  during  the  past  year  more  shelf  room  will  be  needed.  This  can  be 
obtained  either  by  adding  more  bookcases  or  by  increasing  the  size  of  the 

quarters. 

There  has  been  received  since  the  last  annual  meeting  309  bound  vol- 
umes, which  is  approximately  25  per  cent,  more  than  has  been  received 

in  any  year  since  1897.     Of  these  bound  volumes  16  have  been  purchased 
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and  the  remainder  are  largely  reports  which  have  been  presented  to  the 

Society.  In  addition  to  the  above  bound  volumes  received  and  accessioned, 

2000  pamphlets — mostly  municipal  reports — have  been  received  and  filed 
away.  The  committee  wishes  to  thank  the  members  who  have  contributed 
books  or  pamphlets,  and  wishes  to  call  attention  to  the  recent  circular  ask- 

ing for  various  reports. 

Fines  to  the  amount  of  $4.46  have  been  collected  and  paid  to  the  Treas- 
urer. 

The  committee  wishes  to  recommend  that  the  practice  of  purchasing 

standard  engineering  books  for  the  library  be  continued  for  the  coming 

year. 
Respectfully    submitted, 

Frank  P.  McKibben, 
KiLBURN  S.   Sweet, 

Frederic  I.  Winslow, 

John  N.  Ferguson, 

L.  J.  Johnson, 
Committee  on  the  Library. 

Engineei'S'  Club  of  Minneapolis. 

173D  Meeting,  Minneapolis.  Minn..  February  27,  igo4.^The  meeting 

was  called  to  order  by  Vice-President  Burch.  The  minutes  of  the  last 
meeting  were  read  and  approved.  The  following  names  were  proposed 
for  membership: 

J.  J.  Flather,  Professor  of  Mechanical  Engineering,  University  of  Min- 
nesota. 

D.  H.  Keesling,  machinist,  229  Twentieth  Avenue,  S. 
Mr.  Tate.  Chairman  of  the  Louisiana  Purchase  Exposition  Exhibit, 

reported  progress,  showing  that'  a  very  creditable  exhibit  was  being  made 
ready. 

Mr.  W.  W.  Redfield,  of  the  committee  appointed  to  prepare  resolutions 
upon  the  death  of  Mr.  Van  Duzee,  reported  that  a  member  of  the  Club 

who  w^as  well  acquainted  with  the  deceased  was  now  at  work  upon  an 
article  descriptive  of  his  life  and  work,  to  be  published  in  the  Journal. 

Mr.  Francis  Henry,  associate  member  of  the  American  Society  of  Civil 

Engineers,  delivered  a  paper  on  "Rice  Culture  in  Texas  and  Louisiana." 
A  short  discussion  follow^ed. 

Prof.  Frederick  H.  Bass,  of  the  University  of  Minnesota,  read  a  paper 

on  "The  Relation  of  the  Engineer  to  the  Public  Health."  Mr.  Bass'  paper 
had  special  reference  to  the  present  epidemic  of  typhoid  fever  on  the  East 
Side.  He  showed,  beyond  a  doubt,  that  the  cause  of  the  epidemic  was  due 

to  the  opening  of  the  East  Side  pumping  station,  which  is  situated  below 

Nicollet  Island,  where  a  number  of  sewers  empty  into  the  river.  Discus- 
sion followed  by  Messrs.  Fanning,  Hoag,  Pardee,  Dr.  Hall  and  others. 
A  resolution  was  introduced  by  Professor  Hoag,  as  follows :  That  both 

the  East  and  West  Side  lower  pumping  stations  should  be  closed  and  kept 

closed,  as  an  epidemic  of  typhoid  fever  had  always  followed  the  opening  of 
these  stations. 

An  amendment  was  offered  by  Professor  Bass  and  accepted  by  Professor 
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Hoag  that  these  stations  might  be  used  in  case  of  fire.     The  resolulion   in 
its  modified  form  was  unanimously  passed. 

The  meeting  then  adjourned. 
J.  B.  Oilman,  Secretary. 

Engineers'  Club  of  St.  I^onis. 

576TH  Meeting,  St.  Louis,  Mo.,  March  2,  1904. — The  meeting  was  held 
at  the  Club  Rooms,  709  Pine  Street,  Wednesday  evening,  March  2d.  Presi- 

dent Ockerson  presided.  There  were  present  twenty-seven  members  and 
three  guests. 

The  minutes  of  the  575th  meeting  were  read  and  approved,  and  the 

minutes  of  the  363d  meeting  of  the  Executive  Committee  were  read. 

The  application  for  membership  of  Mr.  Arthur  A.  Bonsack  was  pre- 
sented. 

Mr.  K.  H.  Jacobsen  was  elected  to  membership. 

Mr.  Robert  Moore  read  a  portion  of  a  letter  outlining  the  proposed  trips 
of  the  French  engineers  and  the  dates  of  their  visits  to  the  Exposition. 

The  memoir  upon  the  death  of  Prof.  J.  B.  Johnson,  prepared  by  Edward 

Flad,  W.  H.  Bryan  and  J.  M.  Chaphe,  was  read  by  Mr.  Bryan  and  advised 
spread  on  the  records  of  the  Club. 

Mr.  S.  B.  Russell,  Chairman  of  the  World's  Fair  Committee,  made  a 
brief  report  of  progress,  and  asked  for  a  special  meeting  of  the  Club,  to 

consider  matters  relating  to  material  for  the  proposed  souvenir. 
On  motion  of  Mr.  Pfeifer,  the  special  meeting  was  ordered  for  Friday 

evening,  March  nth,  at  8  o'clock. 
The  paper  of  the  evening,  by  Dr.  A.  L.  McRae,  on  "A  Study  of  Lord 

Kelvin's  Suggestion  for  a  Heating  Plant,"  was  presented.  Dr.  McRae 
brought  out  the  idea  of  the  suggestion  as  one  for  the  use  of  waste  products — 
such  as  'exhaust  steam,  wafer  used  for  cooling  purposes  in  compressor 
plants,  etc.  Lord  Kelvin  suggested  a  warming  system  which  should  be  the 

reverse  of  a  refrigerating  plant,  i.  e.,  in  Lord  Kelvin's  system  heat  would 
be  the  direct  produce  and  refrigeration  the  waste.  Owing  to  the  relatively 

low  temperatures  of  the  warming  materials  a  large  radiating  surface  would 
be  required.     Such  a  system  is  not  at  present  practicable,  but  may  be  made  so. 

After  discussion  by  Messrs.  Wall,  Humphrey,  Robert  Moore,  Russell 
and  Langsdorf,  the  meeting  adjourned. 

R.  H.  Fernald,  Secretary. 

577TH  Meeting,  St.  Louis,  Mo.,  March  ii,  1904. — A  special  meeting  was 
held  at  the  Club  Rooms,  709  Pine  Street,  Friday  evening,  March  nth. 

The  regular  order  of  business  was  set  aside  and  the  evening  devoted 

to  details  connected  with  the  publication  of  the  propose:^  '-"World's  Fair 

Souvenir"  now  being  prepared  by  the  Club.  '''' 
Vice-President  Moore  presided.  Twenty-two  members  were  present. 

Much  interest  was  taken  in  the  special  work  of  the  evening. 
R.  H.  Fernald,  Secretary. 
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Civil  Engineers'   Clnb  of  Cleveland. 

Report  of  Committee  on  bill  of  Senator  Harvey,  relative  to  lake  and  stream  poll  u lion. 

Cleveland^  Ohio,  March  2,   1904. 

To  tlie  President  and  Members  of  the  Civil  Engineers'  Club  of  Cleveland. 

Gentlemen  : — At  the  last  meeting  of  this  Club  a  resolution  was  adopted 
directing  the  appointment  of  a  committee  to  investigate  the  action  proposed 

by  Senator  M.  W.  Harvey,  of  this  district,  relative  to  the  prevention  of  the 

pollution  of  the  waters  of  Lake  Erie.  The  undersigned,  members  of  this 

committee  duly  appointed,  met  in  this  city,  pursuant  to  the  call  of  the  chair- 
man of  the  committee,  on  Saturday,  February  27,  1904,  and  gave  to  the 

subject  such  consideration  as  was  practicable,  and  now  have  the  honor  to 

submit  the  following  report : 

"The  object  of  the  Bill  in  question,  as  therein  stated,  is  to  provide 

for  the  appointment  of  'a  commission  to  investigate  the  pollution  of  the 
waters  of  Lake  Erie  and  of  the  rivers  and  streams  of  Ohio  from  which  the 

water  supplies  of  cities  and  villages  is  obtained.'  To  effect  this  result  it  is 

proposed  to  authorize  by  law  the  Governor  of  the  State  to  appoint  'a  com- 
mission of  three  members  who  are  citizens  of  Ohio,  to  confer  with  the  Board 

of  Health  and  the  federal  authorities,  and  to  investigate  and  report  at  the 

earliest  possible  date,  not  later  than  November  15,  1905,  a  remedy  or  remedies 

which,  in  their  judgment,  will  decrease,  abate  or  prevent  such  pollution.' 

"It  is  the  opinion  of  your  committee  that  the  information  thus  sought 
to  be  obtained  would  be  of  great  value  and  utility  to  the  State  of  Ohio ;  and 

further  that  the  means  proposed  in  the  Bill  under  favorable  conditions  arc 

adequate  to  procure  the  information  sought.  A  commission  of  three  mem- 

bers is  large  <  ^h  for  the  purpose,  but  the  success  or  failure  of  their  in- 
vestigations \  ul  depend  very  largely  upon  the  individual  fitness  of  the 

members  for  the  work  confided  to  them.  They  should  each  be  a  specialist 

in  some  particular  department  of  the  subject  under  investigation,  and  should 

be  specially  educated  and  trained  for  work  of  this  character.  It  is  too  much 

to  expect  that  an  ordinary  citizen,  who  has  given  no  special  thought  to  and 

has  received  no  special  training  for  this  work,  would  be  able  or  willing  to 

prepare  himself  to  carry  out  such  an  investigation. 
25 
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"It  would  seem  proper  that  the  commission  should  contain  one  civil 
engineer  of  experience  and  mature  judgment,  who  has  given  special  study 

and  investigation  to  questions  of  rainfall,  surface  drainage  and  the  flow  of 

water  in  rivers  and  streams.  Another  member  should  be  a  sanitary  en- 
gineer of  wide  experience,  who  has  knowledge  of  the  practical  methods  of 

town  and  city  drainage  and  the  various  ways  of  disposing  of  sewage.  The 

third  member  might  well  be  a  lawyer  acquainted  with  the  legislation  that 

has  been  had  in  other  States,  and  able  to  determine  its  value  or  suitability 

for  the  State  of  Ohio,  and  to  express  the  result  of  the  finding  of  the  Board 

in  a  form  to  be  incorporated  in  the  laws  of  the  State.  The  Board  ought, 

therefore,  to  be  composed  of  professional  men,  men  who  gain  their  liveli- 
hood by  the  very  kind  of  work  which  the  State  invites  them  to  perform. 

"Section  2  of  the  Bill  provides  that  this  commission  shall  serve  without 
compensation.  In  other  words,  it  asks  these  members  to  tax  themselves  a 

number  of  days'  labor  for  the  welfare  of  the  State.  This  form  of  taxation 
is  not  equitable  and  is  not  likely  to  lead  to  the  best  results.  The  works  of 

unpaid  commission  are  generally  worth  about  what  they  cost,  and  the  State 

would  do  well  to  adopt  the  method  followed  by  private  individuals  or  cor- 
porations and  to  offer  to  pay  the  market  rate  for  whatever  commodity  or 

service  it  desires.  It  is  suggested,  therefore,  in  criticism  of  the  proposed  Bill, 

that  this  unpaid  commission  is  a  mistake.  The  compensation  need  not  be 

very  large  and  ought  not  to  be  large  enough  to  induce  any  one  to  intrigue 

for  an  appointment  to  serve  upon  the  commission ;  but  there  should  be  a 

provision,  not  only  for  the  actual  expenses  of  the  commissioners,  but  also 
for  a  moderate  per  diem  compensation  for  the  actual  time  they  may  give  to 

the  work.  This  compensation  might  be  $10  or  $15  a  day,  and  if  it  were 

thought  best,  the  total  amount  which  any  commissioner  could  receive  might 

be  limited  in  the  act  to  $200  or  $300.  The  amount  of  money  appropriated 

by  the  act  should  be  increased  accordingly.  In  the  selection  of  men  for 

appointment,  it  would  be  an  advantage  to  obtain  them  from  places  not  too 

remote,  in  order  that  frequent  meetings  might  be  had  for  the  purpose  of 

discussion  at  a  small  cost  for  traveling  expenses  and  a  minimum  loss  of 
time  for  the  members. 

"The  State  of  Ohio  is  bounded  on  the  north  by  Lake  Erie  and  on  the 
south  by  the  Ohio  River.  The  rivers  of  the  State  are,  therefore,  short  and 

small.  The  density  of  the  population  and  the  numerous  large  towns  which 

are  being  built  up  threaten  a  rapid  and  dangerous  pollution  of  the  ordinary 

sources  of  water  supply  for  the  inhabitants.  There  can  be  no  question  that 

this  is  a  matter  of  grave  importance.  It  is  too  widespread  in  its  cause  and 

effect  to  be  dealt  with  by  individuals  or  small  communities,  and  in  some 

respects  it  is  even  beyond  the  power  of  the  State ;  but  a  beginning  should  be 

made,  and  such  information  as  can  be  gathered  from  the  experience  of 

older  States  and  countries  should  be  collected  and  digested,  to  the  end  that 

when  action  is  taken  the  proved  and  well-known  errors  and  mistakes  may 

be  recognized  and  avoided." 
Respectfully  submitted, 

(Signed)     Dan  C.  YLingman,  Major  Engineers,  U.  S.  A., 

James   Ritchie, 
Robert  Hoffman. 
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Cleveland,  ^Iaech  S.  1904. — The  regular  meeting  of  the  Civil  Engineers' 
Club  of  Cleveland  was  held  Tuesday,  March  8th,  at  8.30  p.m.  In  the  absence 

of  the  President  and  Vice-President  the  Secretary  was  elected  temporary 
Chairman. 

The  following  officers  were  elected  for  the  ensuing  year : 
For  President — Alexander  E.  Brown. 

For  Vice-President — Dr.  Dayton  C.  Miller. 

For  Secretary — ^Joseph  C.  Beardsley. 
For  Treasurer — Robert  Hoffman. 

For  Librarian — Charles  O.  Palmer. 

For  Directors — Walter  M.  Allen  and  Harry  S.  Nelson. 
The  Tellers  also  reported  the  adoption  of  the  following  amendments  to 

the  Constitution : 

BALLOT  FOR  CONSTITUTIONAL  AMENDMENTS.  ■ 

Vote  closes  ]\Iarch  8th,  at  8  o'clock  p.m. 
Section  HI,  Article  4. 

At  the  end  of  said  Section  III,  add  the  following:  "Except  in  case  of 
the  resignation  of  an  Active  Member  whose  long  and  efficient  service  in  the 

Club,  in  the  judgment  of  the  Executive  Board,  deserves  special  recognition 
and  acknowledgment.  In  such  case  said  Board  may,  at  its  discretion,  ask 

such  member  to  withdraw  his  resignation,  and,  if  this  request  be  complied 
with,  shall  cause  his  name  to  be  transferred  to  the  Retired  List  of  Active 

Members,  which  is  hereby  authorized.  He  shall  thereafter  be  exempt  from  all 
fees  and  dues  of  the  Club,  but  shall  be  entitled  to  all  the  rights  and  privileges 

heretofore  enjoyed  as  an  Active  Member,  except  the  right  to  vote  and  hold 

office.  Such  membership  shall  not  include  the  Journal  of  the  Association 

OF  En'gineering  Societies,  except  upon  payment  of  its  actual  cost  to  the 
Club,  by  such  member.  The  Secretary  shall  serve  written  notice  on  such 

person  of  his  transfer  of  membership,  as  per  form  B  B  in  the  Appendix." 
Section  VII,  Article  6. 

The  third  sentence  to  be  stricken  out  and  the  following  inserted  in  lieu 

thereof:  "The  Permanent  Fund  shall  not  be  expended  for  any  purpose 
except  on  the  unanimous  vote  of  the  Executive  Board,  confirmed  by  letter- 
ballot  of  the  Club,  in  which  two-thirds  the  legal  ballots  cast  shall  be  in  favor 

of  such  expenditure." 
The  eighth  sentence  to  be  stricken  out  and  the  following  inserted  in 

lieu  thereof:  "No  money  shall  be  transferred  from  one  fund  to  another 
unless  so  ordered  by  unanimous  vote  of  the  Executive  Board,  confirmed  by 

letter-baliot  of  the  Club,  in  which  two-thirds  of  the  legal  ballots  cast  shall 

be  in  favor  of  such  transfer." 

The  reports  of  the  Secretary,  Treasurer,  Librarian  and  Program  Com- 
mittee were  read  and  adopted  and  ordered  placed  on  file.  The  report  of 

Major  Dan  C.  Kingman,  Corps  of  Engineers,  U.  S.  A.,  Chairman  of  a  Com- 
mittee on  a  bill  introduced  in  the  Ohio  Legislature  by  Senator  M.  W.  Harvey, 

was  read.  This  report  (see  pages  41  and  42)  was  adopted  by  the  Club 

and  ordered  placed  on  file.  The  President's  Annual  Address,  on  "The 
Intercepting  Sewer  System  of  Cleveland,"  was  read  by  the  Secretary,  and 
the  meeting  then  adjourned. 

Joe  C.  Beardsley,  Secretary. 
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Teclinical  Society  of  the  Pacific  Coast. 

San  Francisco,  Cal.,  February  26,  1904. — A  meeting  of  the  Board  of 
Directors  was  held  at  the  residence  of  the  Secretary,  Mr.  Otto  von  Geldern, 

who  had  invited  the  gentlemen  of  the  Board  to  dinner. 

Present :  Directors  Dickie,  Grunsky,  Riffle,  Connick,  Schild,  Lietz, 

Uhlig  and  von  Geldern. 

In  the  discussion  of  the  subject  of  the  coming  spring  meeting,  the  follow- 
ing details  were  agreed  upon  : 

That  the  meeting  begin  on  the  evening  of  the  last  Thursday  in  May, 

and  that  it  be  continued  during  the  following  Friday  and  Saturday. 

The  program  to  be  outlined  as  follows : 

First  evening  (Thursday) — Introduction  of  members  and  the  address 
of  the  President. 

Second  day  (Friday) — Morning  devoted  to  visiting  point's  of  interest 
in  the  vicinity. 

Afternoon — Reading  two  or  three  of  the  contributed  papers. 

Evening — Devoted  to  the  reading  and  discussion  of  technical  papers. 

Third  day  (Saturday) — Morning,  visiting  or  as  may  be  arranged  by  the 
committee. 

Afternoon — Reading  of  technical  papers. 
Evening — Banquet. 
The  following  contributions  have  been  promised : 

1.  Prof.  C.  D.  Marx.  Subject:  "Consideration  of  Uplift  as  Affecting 

the  Design  of  Masonry'  Dams." 

2.  John  Richards.  Subject:  "Steam  Turbine  Motors,"  illustrated  by 
diagrams. 

3.  Marsden  Manson.-  Subject:  "The  Reclamation  of  a  Mountain 

Swamp." 
4.  Franklin  Riffle.     Subject:  "Pipe  Joints  for  High  Pressures." 

5.  Prof.  F.  G.  Hesse.  Subject:  "Jet  Pumps — New  and  Original  De- 

velopments." 

6.  C.  E.  Grunsky.     Subject:     "The  Water  Supply  of  San  Francisco." 

7.  M.  C.  Couchot.     Subject:     "Armored  Concrete  Construction." 

8.  Prof.  C.  B.  Wing.  Subject:  "Collection  and  Discussion  of  Material 

in  County  Highway  Bridges." 

9.  J.  J.  Welsh.  Subject:  "Experiments  in  Driving  Piles  for  a  Founda- 
tion with  a  Steam  Hammer." 

ID.     C.  J.  Wheeler.     Subject:     "Manufacture  of  Portland  Cement." 

11.  F.  P.  Medina.  Subject:  "The  Laying  of  the  Commercial  Pacific 

Cable." 
12.  Loren  E.  Hunt.  Subject:  "Timber  Tests,  Laboratory  Methods  and 

Results." 

13.  H.  I.  Randall.     Subject:    "Vertical  Railway  Curves." 
Meeting  adjourned,   to   be   called  again  by  the   President,   and   subse- 

quently set  for  Friday,  March  18,  1904. 
Adjourned. 

Otto  von  Geldern,  Secretary. 
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Sax  Fraxcisco,  Cal.,  March  iS,  1904.— A  meeting  of  the  Board  of 
Directors  was  held  at  the  residence  of  the  Treasurer,  Mr.  E.  T.  Schild, 

who  had  invited  the  gentlemen  of  the  Board  to  dine  with  him. 

Present:  Directors  Dickie,  Uhlig,  Lietz,  Schild  and  von  Geldern.  For 

Director  Grunsky,  Past  President  E.  J.  Molera  and  for  Director  Le  Conte 

Prof.  C.   B.  Wing  had  been  appointed  to  act. 

It  was  ordered  that  the  Secretary  distribute  return  postal  cards  to  all 

members  to  gather  information  as  to  how  many  will  attend  the  spring  meet- 
ing, and  whether  members  will  be  accompanied  by  relatives  or  friends,  in 

order  to  make  provisions  for  them  while  in  the  city. 

It  was  also  agreed  to  send  a  program  of  the  meeting  to  all  members, 

including  a  list  of  the  papers  that  have  been  presented  to  be  read. 

All  papers  should  be  in  the  hands  of  the  Secretary  by  the  end  of  April 
or  beginning  of  May. 

The  following  committees  were  appointed  by  the  Chair : 

Entertainment  Committee — Alessrs.  Uhlig  and  Schild. 
Excursion  Committee — Messrs.  Molera  and  von  Geldern. 

These  committees  will  outline  a  detailed  and  definite  plan,  and  may  call 

upon  other  members  to  augment  the  committee,  if  the  work  to  be  done  re- 
quires  additional  help. 

Meeting  adjourned  to  be  called  by  the  President. 

Otto  von  Geldern,  Secretary. 

Montana  Society  of  Engineers. 

The  regular  meeting  for  March  was  held  in  the  Society  rooms,  Tuttle 

Block,  at  the  usual  hour,  March  12,  1904.  On  the  arrival  of  a  quorum,  Mr. 

R.  R.  Vail  was  chosen  Chairman  pro  tern.  The  minutes  of  the  February 

meeting  were  read  and  approved.  Applications  for  membership  in  the  Society 

from  Herbert  McNulta,  of  Anaconda,  Montana,  and  Carroll  R.  McCulloch, 

of  Havre,  Montana,  were  read,  approved  and  the  Secretary  was  instructed  to 

send  out  ballots  for  these  parties.  Mr.  Frank  S.  Mitchell  was  unanimously 

elected  to  membership  in  the  Society.  A  communication  from  the  Brooklyn 

Engineers'  Club  requesting  the  privileges  of  our  Society  rooms  in  case  any 
of  the  Brooklyn  engineers  should  visit  this  city  was  read  and  and  the  Secre- 

tary was  instructed  to  grant  the  same  and  so  answer  the  request.  The  Secre- 
tary read  an  invitation  to  the  members  of  the  Montana  Society  of  Engineers 

to  attend  an  International  Engineering  Congress,  to  be  held  at  St.  Louis, 

Mo.,  October  3  to  8,  1904,  under  the  auspices  of  the  American  Society  of  Civil 

Engineers.  The  Montana  engineers  are  invited  to  become  members  of  the 

Congress,  and  to  take  part  in  its  proceedings  in  person  or  by  written  com- 
munications. 

A  long  list  of  subjects  for  discussion  can  be  obtained  for  the  members  of 

this  Society  as  soon  as  issued.  The  membership  fee  of  the  Congress  is  $5, 

entitling  the  member  to  all  the  publications  of  the  Congress.  All  members  of 

the  Amerjcan  Society  of  Civil  Engineers  will  be  members  of  the  International 

Congress  and  entitled  to  its  publications  without  the  above-named  fee.  There 
being  no  further  business  the  meeting  adjourned. 

Clinton  H.  Moore,  Secretary. 
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Civil  Engineers'  Society  of  St.  Paul. 

St.  Paul,  Minn.,  March  14,  1904. — A  regular  meeting  of  the  Civil 

Engineers'  Society  was  called  to  order  by  President  Starkey  at  8.15  p.m. 
Present,  twelve  members  and  one  visitor.  Minutes  of  the  previous  meeting 
read  and  approved. 

A  communication  from  Charles  Warren  Hunt,  Secretary,  inclosing 

prospectus  of  the  International  Engineering  Congress,  was  read  and  ordered 
acknowledged  and  filed. 

The  Secretary  was  instructed  to  reply  favorably  to  the  Brooklyn  Engi- 

neers' Club  as  to  exchange  of  courtesies. 
The  resignation  of  Mr.  Tracy  Lyon  was  accepted. 

Mr.  W.  A.  Truesdell  informally  presented  some  interesting  facts  and 
conjectures  as  to  the  origin  of  the  United  States  system  of  land  surveys. 

He  has  been  unable  to  find,  either  at  Washington  or  in  the  Ohio  State 
records,  any  official  reports  of  the  earlier  heads  of  the  Government  surveys, 
and  very  little  definite  information  as  to  their  individual  efforts. 

Who  originated  the  present  system  of  surveys?  His  researches  have 

led  him  to  decide  that  Washington,  Harrison,  Tiffin  and  Pease  had  little 
to  do  with  the  plan.  Jefferson  possibly  may  have  been  concerned  in  it. 

The  germ  of  the  scheme  seems  to  have  originated  in  1764  with  Thomas 
Hutchins,  afterward  the  first  official  surveyor  of  the  publiq  lands  (the 

United  States  Geographer).  His  successor,  the  first  Surveyor-General, 

Rufus  Putnam,  apparently  first  suggested  the  six-mile  township  of  thirty-six 
lots  laid  out  in  ranges. 

The  present  system  was  established  in  1785,  and  Hutchins  surveyed 

the  seven  ranges  in  Eastern  Ohio  the  following  year.  Putnam,  his  suc- 
cessor, continued  the  Ohio  survey  in  1796,  his  townships  being  groups  of 

sections  instead  o'i  lots,  and  numbered  in  the  order  of  to-day.  The  mili- 
tary bounty  lands  were  laid  out  in  townships  five  miles  square  in  1796. 

Jefferson  deposed  Putnam,  after  six  years'  service,  for  accepting  care- 
less work,  and  Jared  Mansfield,  a  careful  and  expert  surveyor,  succeeded 

him.  He  introduced  the  correction  lines  and  spherical  provisions  and  per- 
fected the  system  in  its  minor  details. 

A  vote  of  thanks  to  Mr.  Truesdell  and  immediate  adjournment  at 
10  P.M. 

C.  L.  Annan,  Secretary. 

Boston  Society  of  Civil  Engineers. 

Boston,  April  20,  1904. — A  regular  meeting  of  the  Boston  Society  of 

Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.30  o'clock 
P.M.;  President  Frederick  Brooks  in  the  chair.  One  hundred  and  thirty-two 
members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  following  were  elected  to  membership  in  the  Society  as  members : 

Messrs.  Edmund  M.  Blake,  Arthur  H.  Blanchard,  Francis  H.  Boyer,  Charles 

E.  Chandler,  Waldo  S.  Coulter,  Frederick  O.  Gage,  Winfred  D.  Hubbard, 

Robert  Jerrett,  Lionel   S.   Marks,   Walter   S.   McKenzie,  Ralph   H.   Stearns, 
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W.  B.  Smith  Whaley,  Wm.  G.  AMieelock,  Jr.,  and  as  an  associate,  Mr. 

Hervey  A.  Hanscom. 

The  Secretary  reported,  for  the  Board  of  Government,  the  appoint- 
ment of  the  following  committees : 

Committee  on  Elxcursions — F.  'M.  JNIiner,  E.  P.  Adams,  E.  F.  Miller, 
W.  H.  Norris  and  F.  E.  Winsor. 

Committee  on  Library — F.  P.  McKibben,  K.  S.  Sweet,  F.  I.  Winslow, 
J.  X.  Ferguson  and  R.  S.  Hale. 

Committee  on  ./Advertisements — E.  W.  Howe,  A.  S.  Glover  and  F.  V. 
Fuller. 

Committee  on  Quarters — Desmond  Fitzgerald,  E.  W.  Howe,  C.  F. 
Allen,  E.  W.  Bowditch,  G.  A.  Kimball,  W.  E.  McClintock.  I.  N.  Hollis, 

T.  H.  Barnes,  F.  W.  Dean,  F.  C.  Coffin,  W.  S.  Johnson,  W.  E.  McKay, 
C.  W.  Sherman,  R.  S.  Weston,  C.  A.  Stone,  A.  T.  Safford  and  J.  W. 
Ellis. 

Members  of  Board  of  Managers,  Association  of  Engineering  Societies, 

in  addition  to  the  Secretary — J.  R.  Freeman,  Henry  Manley,  Dexter  Brackett 
and    Dwight  Porter. 

The  President  then  introduced  ^Nlr.  W.  L.  R.  Emmet,  of  the  General 

Electric  Company,  who  read  a  paper,  entitled  "The  Steam  Turbine  in 
Modern  Engineering."     The  paper  was  fully  illustrated  by  lantern  slides. 

At  the  conclusion  of  the  reading  of  the  paper,  on  motion  of  Professor 
Hollis,  the  thanks  of  the  Society  were  voted  to  Mr.  Emmet  for  his  very 

interesting   paper. 
On  motion  of  Mr.  McKibben,  the  following  votes  were  passed : 

Voted:  That  the  thanks  of  this  Society  be  transmitted  to  the  President 

and  Directors  of  the  American  Telephone  and  Telegraph  Company  for  the 

gift  of  150  bound  volumes  of  technical  periodicals  recently  received. 

Voted:  That  the  privileges  of  the  library  and  reading  room  of  the 

Society  be  extended  to  the  employees  of  the  telephone  company. 
On  motion  of  Mr.  ̂ Miner,  the  thanks  of  the  Society  were  voted  to  Mr. 

C.  L.  Edgar,   President  of  the  Edison  Electric  Illuminating  Company,  for 
courtesies  extended  to  members  of  the  Society  on  the  occasion  of  the  visit 

to  the  works  of  that  company  this  afternoon. 

Adjourned. 
S.  E.   TiNKHAMj  Secretary. 
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Engiaeers'  Club  of  St.  Ijouis. 

578TH  Meeting^  St.  Louis,  Mo.,  March  16,  1904. — Held  at  the  Club 

Rooms,  709  Pine  Street.  Wednesday  evening;  Vice-President  Moore  pre- 
siding.   There  were  present  ;is  members  and  6  guests. 

The  minutes  of  the  576th  and  577th  meetings  were  read  and  approved, 
and  the  minutes  of  the  36-}th  meeting  of  the  Executive  Committee  were 
read. 

Mr.  Arthur  A.  Bcnsack  was  elected  to  membership. 

The  paper  of  the  evening,  by  Mr.  Hugues  Brussel,  upon  "Armored 

Concrete  Construction,"  was  ably  presented,  and  was  pleasingly  illustrated 
by  many  lantern  slides.  The  lateness  of  the  hour  prevented  the  discussion, 

which  promised  to  be  of  great  interest. 

Adjourned. 
R.  H.  Fernald,  Secretary. 

579TH  Meeting,  St.  Louis,  Mo.,  April  6,  1904. — Held  at  the  Club  Rooms, 
709  Pine  Street,  Wednesday  evening. 

With  the  exception  of  one  or  two  ladies'  nights,  the  Secretary  was  unable 
to  find  any  record  of  attendance  for  the  past  10  years  larger  than  that  of 

this  meeting,  there  being  45  members  and   19  visitors  present. 
The  minutes  of  the  578lh  meeting  were  read  and  approved,  and  the 

minutes  of  the  365th  meeting  of  the  Executive  Committee  were  read. 

The  Secretary  read  a  letter  from  the  Engineers'  Society  of  Western 
Pennsylvania  offering  an  exchange  of  privileges  of  club  rooms,  etc. 

A  letter  from  Mr.  Chas.  W.  Hunt,  Secretary  of  the  International  Engi- 
neering Congress,  to  be  held  in  St.  Louis,  in  October,  was  also  read,  asking 

the  number  of  copies  desired  of  the  various  papers  to  be  presented  at  the 

meetings. 
An  invitation  was  presented  from  the  Trustees  and  Faculty  of  the  Case 

School  of  Applied  Science,  Cleveland,  Ohio,  requesting  the  Club  to  be 

represented  by  a  delegate  at  the  inauguration  of  Chas.  Sumner  Howe  as 
President  of  the  institution  mentioned.  May  nth. 

The  President  was  authorized  to  appoint  a  delegate. 

A  very  kind  invitation  was  extended  to  the  members  of  the  Club  by 
Mr.  Strickler,  Superintendent  of  Construction  of  the  Government  Buildings 

at  the  Exposition,  to  visit  the  Government  Building  at  their  pleasure.  Mr. 

Strickler  especially  requested  that  the  members  of  the  Club  make  them- 
selves known  to  him  personally  that  he  might  extend  special  courtesies. 
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The  thanks  of  the  Chib  were  expressed  to  Mr.  Strickler  for  his  cordial 
invitation. 

Mr.  S.  B.  Russell,  Chairman  of  the  World's  Fair  Committee,  made  a 
brief  report,  indicating  that  the  souvenir  was  nearly  ready  for  publication. 

The  paper  of  the  evening,  upon  "World's  Fair  Terminals  of  the  Local 
Traction  Companies  and  Proposed  Methods  of  Handling  Visitors  to  the 

Exposition,"  by  Mr.  C.  A.  Moreno,  was  of  unusual  and  timely  interest,  and 
was  immediately  captured  by  the  Globe-Dcinocrat  for  publication. 

A  lively  discussion  followed  the  reading  of  the  paper,  and  was  par- 
ticipated in  by  Messrs.  Wheeler,  Russell,  Pfeifer,  Perkins,  Langsdorf,  Smith, 

Ockerson,  Flad,  Greensfelder,  Van  Ornum,  Bouton,  Phillips  and  Moreno. 

The  following  paper  was  announced  for  the  next  meeting,  April  20th  : 

"Side-Lights  on  South  Africa,  Past  and  Present,"  by  Capt.  A.  W.  Lewis, 
Manager  of  the  South  African  Boer  War  Exhibit  Co.  at  the  Exposition. 

Adjourned. 
R.  H.  FernalDj  Secretary. 

580TH  Meeting,  St.  Louis^  Mo.,  April  20,  1904. — The  meeting  was  held 
at  the  Club  Rooms,  709  Pine  Street,  Wednesday  evening,  April  20,  1904. 

Vice-President  Moore  presided. 
There  were  present  26  members  and  20  visitors. 

The  minutes  of  the  579th  meeting  were  read  and  approved,  and  the 
minutes  of  the  366th  meeting  of  the  Executive  Committee  were  read. 

A  letter  from  the  Civil  Engineers'  Club  of  Boston,  offering  an  ex- 
change of  Club  Room  privileges,  was  read. 

The  paper  of  the  evening,  entitled  "Side  Lights  on  South  Africa,  Past 

and  Present,"  was  most  ably  presented  by  Capt.  A.  W.  Lewis,  Manager 
of  the  South  African  Boer  War  Exhibit  Company  at  the  Exposition. 

Captain  Lewis  outlined  the  South  African  conditions  and  the  details 

of  the  war  in  an  exceedingly  interesting  and  impartial  manner. 

At  the  conclusion  of  the  remarks  by  Captain  Lewis,  General  Cronje 

consented  to  address  the  Club,  through  his  interpreter,  Lieutenant  Von 

Peters,  and  was  heartily  received  and  listened  to  with  great  interest  and 

pleasure. 
The  discussion,  which  consisted  largely  of  inquiries  of  Captain  Lewis 

and  General  Cronje  regarding  the  labor  and  mining  conditions  of  that 

portion  of  that  country,  was  participated  in  by  Messrs.  Moore,  Moreno, 

Wheeler,  Humphrey  and  Thompson. 

A  paper  entitled  "Graphical  Methods  for  Determining  the  Equations 

of  Experimental  Curves,"  by  A.  S.  Langsdorf,  was  read  by  title  and  ordered 
forwarded  for  publication  in  the  Journal.     Adjourned. 

R.  H.  FernalDj  Secretary. 

Teclmical  Society  of  the  Pacific  Coast. 

Regular  Meeting,  San  Francisco,  Cal.,  April  i,  1904. — Called  to 

order  at  8.30  o'clock  p.m.,  by  President  Dickie,  who  stated  that  the  meeting 
was  held  for  the  purpose  of  transacting  the  running  business  of  the  Society. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  gentlemen  were  elected  to  membership :  W.  Jones  Cuth- 
bertson,  architect,  San  Francisco;  C.  J.  Wheeler,  chemist,  Portland  Cement 

Company,   Suisun,   Cal. 
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The  following  applications  for  membership  were  made : 

For  Members — i.  Hugh  C.  Banks,  civil  engineer,  San  Francisco.  Refers 
to  Patrick  Xoble,  R.  G.  Doerfling  and  C.  E.  Grunsky. 

2.  Robert  McF.  Doble,  consulting  engineer,  San  Francisco.  Refers  to 
John  Richards,  Geo.  W.  Dickie  and  Otto  von  Geldern. 

For  Associate — 3.  Chas.  S.  Girvan,  Western  Fuel  Companj',  San  Fran- 
cisco. Refers  to  Franklin  Riffle,  Stetson  G.  Hindes,  Loren  E.  Hunt  and 

Howard  C.  Holmes. 

In  the  further  difcussion  of  the  coming  spring  meeting  and  its  arrange- 
ments, the  following  details  were  agreed   upon : 

That  ladies  be  invited  to  all  social  functions,  including  the  banquet. 

That  all  members  be  notified  of  this  again. 

That  they  indicate  on  return  cards : 

1.  Whether  city  members  will  entertain  visiting  members,  and,  if  so,  how 
many  each  one  will  accommodate? 

2.  How  many  will  attend  the  banquet,  including  the  guests  of  each 
member  ? 

That  a  certain  number  of  invitations  be  issued  to  prominent  men  and 

well-known  engineers,  such  as  the  Presidents  of  the  universities,  the  engineer- 
ing faculties,  Lick  Observatory  director,  army  and  naval  engineers,  the 

Mayor  of  the  city  and  others,  who  are  to  be  the  guests  of  the  Society  for  the 
evening. 

That  the  President  have  power  to  confer  with  the  trustees  of  the 

Academy  of  Sciences,  and  perfect  an  arrangement  to  obtain  the  lecture  hall 

of  the  Academy  for  the  purpose  of  the  Society's  meetings  in  May. 
The  Secretary  was  instructed  to  notify  all  members  of  the  Technical 

Society  that  they  are  invited  to  become  members  of  the  International  Engi- 
neering Congress,  which  is  to  be  held  in  St.  Louis,  October  3  to  8,  1904, 

under  the  auspices  of  the  American  Society  of  Civil  Engineers,  and  that  our 

members  are  requested  to  participate  in  it's  proceedings,  either  in  person 
or  by  written  communications  forwarded  to  the  Secretary,  on  any  of  the 

subjects  that  have  been  chosen  for  consideration. 
Mr.  Loren  E.  Hunt  explained  at  length  the  laboratory  work  of  timber 

testing  as  done  at  the  University  of  California,  and  called  attention  to  the 

fact  that  there  were  at  the  present  time  two  bills  in  the  hands  of  a  Congres- 
sional Committee  for  the  purpose  of  creating  an  appropriation  for  carrying 

on  the  very  useful  work  of  testing  the  timbers  of  the  United  States.  He 

suggested  that  the  Society  call  the  attention  of  the  California  representation 

in  Congress  to  these  bills,  and  that  the  support  of  these  measures  be  urged. 
The  following  resolution  was  then  introduced  and  unanimously  carried : 

Resolved,  That  the  Secretary  of  the  Society,  on  behalf  of  the  members, 
address  a  letter  to  our  Senators  and  Representatives  in  Congress,  calling 

attention  to  the  so-called  "Timber  Test"  bills,  and  requesting  them  to  use 
their  best  influence  and  to  give  their  individual  support  to  these  measures, 

which  are  of  vital  interest  not  only  to  the  engineering  professions,  but  also 

to  one  of  the  great  industries  of  the  North  Pacific  Coast. 
Resolved,  also,  That  the  Secretary  be  instructed  to  write  an  individual 

and  earnest  appeal  to  Senator  Perkins  to  take  up  this  important  matter. 
No  further  business  appearing,  the  meeting  adjourned. 

Otto  von  Geldern,  Secretary. 
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Civil  Eng'ineers'  Club  of  Cleveland. 

Cleveland,  Ohio,  April  12,  1904. — The  regular  meeting  was  called  to 
order  at  8.15  p.m.  with  36  members  present;  President  Alexander  E.  Brown 
in  the  chair. 

The  applications  of  Messrs.  F.  VV.  Carroll,  E.  B.  Thomas  and  W.  L. 

Westcott  were  reported  to  the  Club  with  the  approval  of  the  Executive 

Board.  The  President  announced  the  appointment  of  the  following  com- 
mittee to  consider  legislation  pending  in  the  State  Legislature  relative  to  the 

creation  of  the  office  of  County  Engineer :  Messrs.  Warner,  Gibbs,  Handy, 
Osborn  and  Barren.  The  President  also  announced  the  appointment  of  Mr. 

Ambrose  Swasey  to  represent  the  Club  at  the  inauguration  of  Mr.  Charles 

S.  Howe  as  President  of  the  Case  School  of  Applied   Science. 

Mr.  C.  H.  Wright,  Chairman  of  the  Annual  Banquet  Committee,  re- 
ported adversely  on  that  proposition :  First,  because  the  retiring  President 

had  left  the  city,  thus  removing  the  motive  for  such  a  banquet ;  second, 

that  considerable  demands  would  be  made  upon  the  Club's  treasury  dur- 
ing the  coming  summer  for  the  entertainment  of  visiting  engineers ;  third, 

that  it  seemed'  desirable  to  center  all  the  Club's  energies  on  the  celebration 
of  the  twenty-fifth  anniversary,  which  occurs  on  March  13,  1905.  The 
report  was  accepted  and  the  committee  discharged. 

Mr.  Gobeille,  Chairman  of  the  House  Committee,  submitted  a  report 

of  the  operation  of  that  committee  from  the  time  of  its  establishment  to 

the  present,  together  with  a  resolution  to  extend  the  arrangement  three 
years  longer.  The  report  was  accepted  and  the  resolution  adopted.  In 

lieu  of  a  regular  paper  there  was  a  discussion  of  the  various  phases  of  the 

"Grade  Crossing  Problem,"  led  by  Mr.  W.  J.  Carter,  City  Engineer,  and 
Mr.  James  Ritchie,  lately  Engineer  for  the  Grade  Crossing  Commission. 

Joe  C.  Beardsley,  Secretary. 

Civil  Engineers'  Society  of  St.  Piiul. 

St.  Paul,  Minn.,  May  9,  1904. — A  regular  meeting  of  the  Civil  Engi- 

neers' Society  of  St.  Paul  was  held  at  the  City  Hall  at  9  p.m. 
President  Starkey  and  seven  members  present. 

Minutes  of  previous  meeting  read  and  approved. 
Communications   received : 

March  12th  From  Charles  Warren  Hunt  inclosing  Circular  No.  2  In- 
ternational Engineering  Congress.     Referred  to   Secretary. 

March  26th — Circular  letter  from  Railroad  Gasette.  It  was  the  unani- 

mous opinion  of  the  meeting  that  paper  9  x  12  inches  would  be  more  con- 
venient than  the  one  of  10^  x  15^  inches  for  reading  and  filing;  also  that 

it  would  be  preferable  to  fold  "some  detail  drawings"  rather  than  to  re- 
duce the  scale  of  same. 

March  26th — From  the  Engineers'  Society  of  Western  Pennsylvania 
and  April  7th  from  the  Boston  Society  of  Civil  Engineers,  both  as  to  ex- 

change of  privileges  of  library  and  reading  room  on  presentation  of  mem- 
bership card. 

The  Secretary  was  instructed  to  inform  both  Societies  of  the  readiness 

of  the  St.  Paul  Society  to  exchange  courtesies. 
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The  Society  failed  to  name  a  delegate  to  attend  the  inauguration  of 

the  President  of  the  Case  School  of  Applied  Science  at  Cleveland  on  May  ii, 
1904. 

The  President  appointed  the  following  examining  board  :  A.  O.  Powell, 
A.  W.  Munster  and  C.  A.  Winslow. 

A  discussion  as  to  increasing  the  membership  of  the  Society  resulted 

in  the  appointment  of  each  member  present  as  an  independent  committee 
on  solicitation  with  orders  to  report  progress  at  a  special  meeting  to  be 

called  in  June. 

Adjourned   at    10.30  p.m. 
C.   L.   Annan,  Secretary. 

Montana  Society  of  Engineers. 

The  regular  monthly  meeting  of  the  Society  was  held  April  9th,  in  the 

Society  room  in  the  Tuttle  Block,  at  8  p.m. 
There  was  an  unusually  large  number  of  members  in  attendance,  as 

well  as  ten  students  from  the  State  School  of  Mines.  At  the  regular  hour 
the  meeting  was  called  to  order,  Mr.  McArthur  in  the  chair.  The  minutes 

of  the  last  meeting  were  read  and  approved.  Messrs.  McNulta  and  McCulloh 

were  unanimously  elected  to  membership  in  the  Society.  The  Secretary 

presented  the  application  of  James  H.  McCormick  for  membership^  and,  on 
approval,  ballots  were  ordered  circulated.  Mr.  Charles  Metlicka  was  chosen 

a  delegate  to  the  inauguration  of  Charles  Sumner  Howe  as  President  of 
Case  School  of  Applied  Science,  Cleveland,  Ohio,  May  nth. 

The  Secretary  gave  notice  that  the  Society  must  vacate  its  present 

quarters,  and  Messrs.  Moulthrop,  Harper  and  Moore  were  appointed  a 
committee  to  secure  another  room. 

Mr.  Joseph  H.  Harper  gave  a  very  instructive  talk  on  the  subject  of 

"Mine  Surveying,"  illustrating  his  views  by  practical  applications,  explaining 
the  various  uses  of  an  assortment  of  engineering  instruments  at  hand,  as 
well  as  a  simple  invention  of  his  own.  Messrs.  Barker,  Vail,  McDonald, 

E.  H.  and  others  contributed  their  experiences  to  Mr.  Harper's,  and  a  very 
interesting  meeting  closed  with  adjournment. 

Clinton  H.  Moore,  Secretary. 
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Boston  Society  of  Civil  Engineers. 

BosTox,  Mass.,  May  i8,  1904. — A  regular  meeting  of  the  Boston  Society 
of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.45  oclock 

P.M.;  President  Fred.  Brooks  in  the  chair.  Sixty-two  members  and  visi- 
tors present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  following  were  elected  to  membership  in  the  Society,  as  members : 

Messrs.  Theodore  O.  Barnard,  Richard  Hutchison,  Herbert  S.  Kimball, 

George  W.  Man=ur,  Walter  B.  Snow  and  William  L.  Tobey,  and  as  an 
associate,  Mr.  Charles  S.  Clark. 

On  motion  of  Mr.  Winsor,  the  thanks  of  the  Society  were  voted  to 

Mr.  John  C.  Sanborn,  general  manager,  and  to  Mr.  Edwin  J.  Beugler,  resi- 
dent engineer,  of  the  Boston  Terminal  Co.,  also  to  the  officials  of  the  New 

York,  Xew  Haven  &  Hartford  Railroad  Co.,  who  extended  courtesies  to 

the  Society  on  the  occasion  of  the  excursion  to  the  South  Station  and  to 

the  railroad  improvements  at  South  Boston. 

The  paper  of  the  evening  was  read  by  Prof.  Charles  L.  Norton,  of  the 

Massachusetts  Institute  of  Technology,  entitled  "Lessons  from  the  Balti- 

more Conflagration."     The  paper  was  illustrated  with  lantern  slides. 
A  short  discussion  followed,  in  which  Prof.  F.  B.  Sanborn,  Mr.  E.  S. 

Larned,    Prof.    Norton    and    others    took    part. 

After  passing  a  vote  of  thanks  to  Prof.  Norton  for  the  paper  of  the 
evening,  the  Society  adjourned. 

S.  E.  TiNKHAM,  Secretary. 

Boston,  Mass.,  June  15,  1904. — A  regular  meeting  of  the  Boston  Society 
of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.30 

o'clock  P.M.;  President  Frederick  Brooks  in  the  chair.  Forty-five  members 
and  visitors  present. 

The  record  of  the  'ast  meeting  was  read  and  approved. 
The  following  were  elected  to  membership  in  the  Society:  As  members, 

Messrs.  J.  Ansel  Brooks,  Frank  P.  Cobb,  George  D.  Emerson,  Erwin  O. 

Hathaway,  Chester  S.  Jennings,  Frank  P.  Kennedy,  George  N.  Merrill,  Wil- 
liam F.  Sullivan,  and  as  an  associate,  Mr.  William  F.  Kearns. 
On  motion  of  Mr.  Miner,  the  thanks  of  the  Society  were  voted  to  Mr. 

John  F.  Fife,  Chief  Engineer,  at  Jordan-Marsh  Company,  and  to  Mr.  W.  R. 
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Fairfield,  of  Hearst's  Boston  American,  for  courtesies  extended  to  members 
of  the  Society  on  June  15,  1904. 

On  motion  of  the  Secretary,  the  thanks  of  the  Society  were  voted  to 

Miss  Tidd  for  the  gift  of  a  framed  portrait  of  her  father,  the  late  Marshal 

M.  Tidd,  an  honored  member  of  the  Society. 
The  President  announced  the  death  of  Charles  W.  Folsom,  one  of  the 

oldest  members  of  the  Society,  which  occurred  on  May  19,  1904,  and  by  vote 

of  the  Society  the'  President  was  requested  to  appoint  a  committee  to  prepare 
a  memoir.  The  following  have  been  appointed  as  members  of  that  com- 

mittee :  Messrs.  Charles  W.  Kettell,  William  H.  Bradley  and  Edgar  S. 
Dorr. 

Mr.  Stephen  Child  read  the  paper  of  the  evening,  entitled  "Landscape 

Architecture,"  which  was  fully  illustrated  by  lantern  slides.  A  general  dis- 
cussion followed  in  which  Messrs.  Stearns,  Howe,  French,  Bryant,  Hale, 

Porter  and  others  took  part. 

Adjourned. 
S.  E.  TiNKHAM,  Secretary. 

Enarmeei's'  Clixb  of  St.  Loiils. 

582d  Meeting,  St.  Louis,  Mo..  May  18,  1904. — The  meeting  was  held  at 
the  Club  rooms,  709  Pine  Street,  Wednesday  evening.  May  18th;  President 
Ockerson    presiding. 

There  were  present  twenty  members  and  six  guests. 

The  minutes  of  the  581st  meeting  were  read  and  approved,  and  the  min- 
utes of  the  368th  meeting  of  the  Executive  Committee  were  read. 

The  memorial  upon  the  death  of  Mr.  Geo.  W.  Fischer,  a  charter  mem- 
ber of  the  Club,  prepared  by  Messrs.  Julius  Pitzman,  Robert  E.  McMath 

and  Wm.  Wise,  was  read  by  the  Secretary. 

Upon  motion  of  Mr.  Bryan,  it  was  ordered  spread  on  the  records  of 

the  Club  and  copies  ordered  sent  to  Mr.  Fischer's  children. 
The  President  announced  a  cordial  invitation  from  Dr.  Lewald  to 

the  Club  to  be  present  at  the  formal  opening  of  the  Engineering  Section  of 

the  German  Exhibit,  in  the  Liberal  Arts  Building,  Friday  morning,  May 

20th,  at  eleven  o'clock. 
Mr.  Lionel  Viterbo  was  elected  to  membership  in  the  Club. 

Dr.  W.  J.  McGee,  Washington,  D.  C,  Chief  of  the  Department  of 

Anthropology  at  the  Exposition,  gave  a  most  interesting  informal  talk  on 

"The  Sheetfloods  of  the  Arid  Regions  and  their  Relation  to  Engineering." 
The  subject  was  discussed  by  Messrs.  Burgess,  Helm,  Ockerson,  Russell 

and  Dr.  McGee. 

The  President  expressed  the  appreciation  and  thanks  of  the  Club  to 
Dr.  McGee  for  his  kindness  in  responding  to  the  invitation  to  address  the 
Club. 

Air.  S.  B.  Russell  gave  notice  of  the  Good  Roads  Convention,  now 

in  progress  in  the  city,  and  urged  the  members  of  the  Club  to  attend  the 
meetings. 

Adjourned.  R.  H.  Fernald,  Secretary. 
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Teclinical    Society  of  the    Pacific  Coast. 

Directors'  ^Ieetixg.  Sax  Fraxxisco,  Cal..  April  22,  1904. — Held  at  the 

residence  of  President  George  A\'.  Dickie,  at  San  Mateo,  who  had  invited 
the  Board  of  Directors  to  dinner. 

Present.  Directors  Dickie.  Riffle.  Schild.  ̂ lolera.  Wing,  Connick,  Lietz, 

L'hl'g  and  Von  Geldern. 
After  the  dinner  the  meeting  was  called  to  order  by  the  President,  and 

the  details  of  the  spring  meeting  were  arranged,  as  outlined  on  the  pro- 

gram. 
Arrangements  for  the  banquet  were  left  in  the  hands  of  Messrs.  Dickie 

and  Schild. 

After  a  most  pleasant  evening  spent  at  the  San  Mateo  home  of  the 
President,  the  party  returned  to  San  Francisco. 

Otto  von  Geldern,  Secretary. 

Regular  Meeting.  San  Francisco,  Cal..  May  6.  1904. — Called  to  order 
-at  8.30  P.M.  by  President  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  names  were  added  to  the  list  of  membership : 

Members — Robert  McF.  Doble.  consulting  engineer,  San  Francisco ; 
Hugh  C.  Banks,  civil  engineer.  San  Francisco ;  C.  H.  Snyder,  civil  engineer, 
San  Francisco. 

Associate  member — Chas.  S.  Girvan,  of  the  Western  Fuel  Company, 
San  Francisco. 

The  President  thereupon  introduced  to  the  members  Mr.  Joseph  R. 

Oldham,  X.A.,  who  read  a  most  interesting  paper  on  the  subject,  "The  Rise 
and  Fall  of  the  American  Merchant  Marine  and  Progress  in  Ship  Design 

and   Construction." 
This  very  important  subject  was  discussed  at  length  by  President  Dickie, 

who  gave  some  of  his  experiences  in  the  line  of  ship  construction  and  the 
rehabilitation  of  ocean  commerce  in   American  bottoms. 

The   author   was   thanked   and   a   vote   of   appreciation    passed    for   the 

courtesy  extended  to  the  Society  in  preparing  and  reading  the  paper. 
Adjourned. 

Otto  von  Geldern,  Secretary. 

Detroit   Engineering:  Society 

Detroit,  Mich.,  April  29,  1904. — The  tenth  annual  meeting  of  the  De- 
troit Engineering  Society  was  held  in  the  parlors  of  the  Hotel  Ste.  Claire. 

The  following  officers  were  elected. 

President — T.   H.   Hinchman,  Jr. 

First  Vice-President — J.  D.  Sanders. 

Second  Vice-President — Benjamin  Douglas. 
Secretary-Treasurer — Clarence  W.   Hubbell. 
After  the  election  of  officers  the  Society  adjourned  to  the  hotel  dining 

room,  where  the  tenth  annual  banquet  was  served,  66  members  being  present. 
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The  following  is  the  list  of  toasts  presented  at  the  banquet : 

1.  ''Progress  in  Railroad  Bridge  Building,"  President  F.  C.  McMath. 
2.  "The  University  of  Michigan,"  Prof.  M.  E.  Cooley. 

3.  "The  Michigan  Agricultural  College,"  Prof.  C.  L.  Weil. 
4.  Song,  Member  A.  F.  Dierkes. 

5.  "Future  Possibilities  in  Electrical  Engineering,"  Member  Alex.  Dow. 

6.  "Recent    Progress    in    Hydraulic    Engineering,"    Prof.    Gardner    S. 
Williams. 

7.  "The  Beautiful  in  Engineering,"  Member  W.  S.  Russell. 
8.  "Health  and  Sanitation,"  Member  A.  B.  Raymond. 
9.  Address,  President-elect  T.  H.  Hinchman,  Jr. 



LISTS  OK  m:eivibers 

OF  THE  SOCIETIES  COMPOSING  THE 

Association  of  Engineering  Societies. 
DECEMBER  31,  J903. 

Members.     Page. 

BosTOx  Society  of  Civil  Exgineers    520  i 

Civil  Engineers^  Club  of  Cleveland    224  27 

Engixeers'  Club  of  St.  Louis    234  39 

Civil  Exgixeers'  Society  of  St.  Paul    60  51 

Engineers'  Club  of  Mixxeapolis    93  54 

Montana  Society  of  Exgixeers    160  59 

Technical  Society  of  the  Pacific  Coast    157  66 

Detroit  Engixeerixg  Society    119  74 

Exgixeers'  Society  of  Western  New  Y(ji<k    81  79 

Louisiana  Engineering  Society    64  83 

Total    1712 





Lists  of  Members  of  the  Associated 

Societies. 

Abbreviations  for  designating  membership : 

Mem   For  ̂ Iember. 

Hon.  Mem    For  Honorary  Member. 

Act.  Mem   For  Active  Member. 

Assoc.  Mem   For  Associate  Member. 

Cor.  Mem   For  Corresponding  Member. 

JuN.  Mem   For  Junior  Member. 
Assoc   For  Associate. 

Jux   For  Junior. 

Bostou  Society  of  Civil  Engineers. 

Adams,  Edward  P.,  Mem., 
Landscape  Architect  and  Civil  Engineer, 

53  State  street.  Room   1105,  Boston,  Mass. 
Adams,  Henry  S.,  Mem., 

Civil  Engineer.  71  Ames  Building,  Boston,  Mass. 

Addicks,  Walter  R.,  Mem., 

Vice-President.   Consolidated   Gas   Co., 
4  Irving  Place,  New  York,  N.  Y. 

Aiken.  Cjiarles  W.,  Mem., 

Consulting  Engineer,       82  Washington  street,  New  York,  N.  Y. 
Aiken,  Roy  C,  Mem., 

Civil  Engineer,  cor.  Atlantic  and  Prospect  streets,  Atlantic,  Mass. 
Allard,  Thomas  T.,  Mem., 

Civil  Engineer,  Southport,  N.   C. 
Allen,  C.  Frank,  Mem., 

Professor  of  Railroad  Engineering,  Mass.  Inst,  of  Technology, 

Boston,  Mass. 
Allen,  Charles  A.,  Mem., 

Consulting  Engineer,  44  Front  street,  Worcester,  Mass. 
Andrews,  D.wid  H..  Mem., 

Pi-esident.  Boston  Bridge  Works,  47  Winter  street,  Boston,  Mass. 
Armstrong,  Samuel  G.,  Mem., 

Civil  Engineer, 

Box  2139.  Johannesburg,  Transvaal,  South  Africa. 
AspiNWALL,  Thomas^  Mem., 

Aspinwall  &  Lincoln,  Civil  Engineers, 
120  Tremont  street.  Room  606,  Boston.  Mass. 
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Atwood,  Joshua,  3d,  Mem., 

Chief  Engineer,  Paving  Division,  Street  Department,  Boston, 

70  City  Hall,  Boston,  Mass. 
Badger,  Frank  S.,  Mem.. 

Assistant  Engineer,  United  States  Geological  Survey, 

Wadsworth,   Nev. 
Bailey,  Ernest  W.,  Mem., 

City  Engineer,  City  Hall,  Somerville,  ]\Ias3. 
Bailey,  Frank  S.,  Mem., 

Civil  Engineer,  177  Washington  street,  Weymouth,  Mass. 
Bailey,  William  M.,  Mem., 

Engineer,  Eastern  Expanded  Metal  Co., 

Paddock  Bldg.,   lOi  Tremont  street,  Boston,  Mass. 
Baker,  William  E.,  Mem., 

W.  E.  Baker  &  Co.,  Engineers,  170  Broadway,  New  York,  N.  Y. 

Baldwin,  Loammi  F.,  Mem., 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 
Bancroft,  Lewis  M.,  Mem., 

Superintendent  of  Water  Works,  Reading,  Mass. 

Barbour,  Frank  A.,  Mem., 

Snow  &  Barbour,  Civil  and  Sanitary  Engineers, 
1 120  Tremont  Bldg.,  Boston,  Mass. 

Barnes,  Rowland  H.,  ]\Iem., 

Pierce  &  Barnes,   Civil  Engineers,  7  Water  street,  Boston,  Mass. 
Barnes,  T.  Howard,  Mem., 

Civil  and  Municipal  Engineer,  7  Water  street,  Boston,  Mass. 

Barnes,  William  T.,  Mem.^ 

Civil    Engineer,    with   Leonard    Metcalf,    C.E.,    14   Beacon    street, 

Boston.  Residence,  y^z  Broadway,   South  Boston,  Mass. 
Barney,  Percy  C,  Mem., 

Draughtsman  in  charge,  Dept.  of  Yards  and  Docks,  U.   S.   Navy 
Yard,  New  York,  N.  Y. 

Barrows,  Harold  K.,  Mem., 

Professor  of  Civil  Engineering,  University  of  Vermont, 

43  South  Prospect  street,  Burlington,  Vt. 
Barrus,  George  H.,  Mem., 

Expert  and  Consulting  Steam  Engineer, 

12   Pemberton   Square,  Boston,   Mass. 
Bartlett,  Arthur,  Mem., 

Assistant  in  City  Engineer's  Office,  City  Hall,  Lowell,  Mass. 
Bartlett,  Charles  H.,  Mem., 

Counsellor  at  Law  and  Consulting  Engineer, 
607  Pemberton  Bldg.,  Boston,  Mass. 

Bartram,  George  C,  Mem., 

Resident  Engineer,  Phoenix  Bridge  Co., 

153  Milk  street,  Boston,  Mass. 
•Bateman,  Frederick  W.,  Mem., 

Parker  &  Bateman,  Civil  Engineers,  Clinton,  Mass. 
Bateman,  Luther  H.,  Mem., 

Assistant   Engineer,   Harbor   and   Land   Commissioners, 
131   State  House,  Boston,  Mass. 

Bayley,  Frank  A.,  Mem., 

Civil  Engineer,  133  Austin  street,  Cambridgeport,  Mass. 
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Bement,  Robert  B.  C,  ]\Iem., 

Civil  Engineer  and  Contractor,  506  Endicott  Bklg.,  St.  Paul.  Minn. 
Bettox,  James  M.,  Mem., 

10  East  Sixteenth  street.   New   York,   N.   Y. 
BiDWELL,  Lawson  B.,  Mem., 

District  Engineer,  Eastern  District,  N.  Y.,  N.  H.  and  H.  R.  R., 
South  Station,  Boston,  Mass. 

BiGELOW^  James  F.,  Mem., 

City  Engineer,  15   Corey  Bldg.,   ̂ Marlboro,   Mass. 
BissELL,  H.,  Mem., 

Chief  Engineer,  Boston  and  Elaine  Railroad,  Boston,  Mass. 

Blake,  Fraa'CIS,  Mem., Auburndale,  Mass. 
Blake,  Percy  ]\I..  ]Mem., 

Civil  and  Hydraulic  Engineer,  Newtonville,  Mass. 
Blodgett,  George  W.,  Mem., 

Electrical  Engineer,  407  Central  street,  Auburndale,  Mass. 

Blood,  Johx  Balch,  i\lem.. 
Blood  &  Hale,  Consulting  Engineers, 

10  Post  Office  Square,  Boston,  Mass. 

Blossom,  William  L.,  Mem.. 
with  Factory  Mutual  Fire  Ins.  Co-,  31  Milk  street,  Boston. 

Residence,  355  Washington  street,  Brookline,  Mass. 
BoLTOx.  EDW.A.RD  D.,  Mem., 

Landscape  Architect  and  Engineer, 

Bretton  Hall,  Broadway  and  Eighty-sixth  street.  New  York,  N.  Y. 
BoRDEX,  Philip  D.,  Mem., 

City  Engineer,  P.  O.  Box  24S,  Fall  River.  Mass. 
BoTSFORD,  Harry  G.,  Mem., 

Assistant    Engineer,    Engineering    Department,    Boston, 

246  Summer  street,  Boston,  Mass. 
BouRXE,  Frank  B.,  Mem., 

Assistant  Engineer  in  charge  of  Park   Department, 

City  Engineer's  Office,  Providence,  R.  I. BowDiTCH,  Ernest  W.,  j\lem.. 

Landscape  Gardener  and  Engineer, 

60  Devonshire  street,  Boston,  Mass. 
Bowers,  George,  Mem., 

City  Engineer,  City  Hall,  Lowell,  Mass. 
BowMAX,  Charles  A.,  Mem., 

Division  Engineer,  ̂ Metropolitan  Water  Works,        Clinton,  Mass. 

BoYD^  James  T.,  Mem., 

Consulting  Engineer,  60  State  street,  Boston,  Mass. 
Brackett,  Dexter,  IMem., 

Engineer,  Distribution  Department,  Metropolitan  Water  Works, 
I  Ashburton  Place,  Boston,  Mass. 

Brackett,  Wallace  C,  Mem., 
with  the  J.  L.  Mott  Iron  Works. 

84  to  90  Beekman  street.  New  York,  N.  Y. 
Bradford,  Laurexce,  Mem., 

Civil  Engineer,  Millbrook,  Mass. 
Br.\dley,  William  H.,  Mem.,  , 

Civil  Engineer,  53  State  street.  Room  642,  Boston,  Mass. 
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Branch,  Ernest  W.,  Mem., 
Engineer,  Sewerage  Commissioners,  Adams  Bldg.,  Quincy,  Mass. 

Bray,  Charles  D.,  Mem., 
Professor  of  Civil  and  Mechanical  Engineering,  Tufts  College, 

College  Hill,  Mass. 
Breed,  Charles  B.,  Mem., 

Instructor  at  Massachusetts  Institute  of  Technologj'. 
Residence,  54  Hamilton  avenue,  Lynn,  Mass. 

Brewer,  Bertram,  Mem., 

City  Engineer,  Waltham,  Mass. 
Brock,  Nathan  S.,  Mem., 

Civil  Engineer,  39  Parsons  street,  Brighton,  Mass. 
Brooks,  Frederick,  Mem., 

Civil  Engineer,  31   Milk  street,  Boston,  Mass. 

Brown,  William  M.,  Mem., 

Engineer,  Sewerage  Works,  with  MetroDolitan  Water  and  Sewer- 
age Board,  20  Pemberton  Square,  Boston,  Mass. 

Bryant,  EfeNRY  F.,  Mem., 

French  &  Bryant,  Civil  Engineers, 

334  Washington  street,  Brookline,  and  4  State  street,  Boston,  Mass. 
Buck,  Waldo  E.,  Mem., 

President  and  Treasurer,  Worcester  Manfs.  Mut.  Ins.  Co., 

53  William  street,  Worcester,  Mass. 
Buff,  Louis  F.,   Mem.. 

Treasurer,  Buff  &  Buff  Mfg.  Co.,  Jamaica  Plain,  Mass. 
Bullock,  William  D.,  Mem., 

Engineer  in  charge  of  Bridges  and  Harbor, 

City  Hall,   Providence,   R.   I. 
Burke,  John  R.,  Mem., 

Assistant  Engineer,  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 
BuRLEY,  Harry  B.,  Mem., 

Civil  Engineer  and  Inspector,  Associated  Factory  Mut.  Ins.  Cos., 

31  Milk  street,  Boston,  Mass. 
Burr,  Thomas  S.,  Mem., 

Civil  Engineer,  with  Holyoke  Machine  Co.,  Worcester, 

19  Catharine  street,  Worcester,  Mass. 
Burton,  Alfred  E.,  Mem., 

Professor  of  Topographical  Engineering  and  Dean,  Massachusetts 
Institute  of  Technology,  Boston,  Mass. 

Buss,  Edward  A.,  Mem., 

Consulting  Engineer,  85  Water  street,  Boston,  Mass. 

Buttolph,  Benjamin  G.,  Mem., 
Engineer,  State,  Enterprise  and  American  Mut.  Fire  Ins.  Cos., 

819  Banigan  Bldg.,  Providence,  R.  I. 
Caldwell,  Frederic  A.,  Mem., 

First  Assistant,  City  Engineer's  Office,  Woonsocket,  R.  I. 
Carney,  Edward  B.,  Mem., 

City  Engineer's  Office,  39  Plymouth  street,  Lowell,  Mass. 
Carpenter,  George  A.,  Mem., 

City  Engineer,  "/J  Meadow  street,  Pawtucket,  R.   I. 
Carr,  Joseph  R.,  Mem., 

Civil   Engineer.  466   Broadway,    Chelsea,    Mass. 
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Carson,  Howard  A.,  Mem., 

Chief  Engineer,  Boston  Transit  Commission, 
20  Beacon  street,  Boston,  Mass. 

Carter,  Frank  H.,  ]\Iem., 

Civil   Engineer,  487   Central   s,treet,   Cliftondale,   Mass. 
Carter,  Henry  H.,  Mem., 

Consulting  Engineer  and  President,  Metropolitan  Contracting  Co., 
95  Milk  street,  Boston,  Mass. 

Carven,  Christopher  J.,  I\Iem., 

Assistant  Engineer,  Engineering  Dept.,  51  City  Hall,  Boston. 
Residence,  34  Centre  street,   Dorchester,  Mass. 

Chamberlain,  Edward  G.,  Mem., 

Topographical  Surveyor,  Auburndale,  Mass. 
Chamberlain,  William  G.  S.,  ]\Iem., 

Bridge  Engineer,  B.  and  A.  R.  R.,  Boston. 
Residence,  Auburndale,  Mass. 

Chambers,  Ralph  H.,  Mem., 

Chambers  &  Hone,  Consulting  Engineers, 
60  New  street,  New  York,  N.  Y. 

Chapman,  William  H.,  Mem., 

Waring,  Chapman  &  Farquhar,  Civil  Engineers, 

874  Broadway,  New  York,  N.  Y. 
Chase,  John  C,  Mem., 

Chief  Engineer,  The  Clarendon  Water  Work  Co., 
Wilmington,  N.  C. 

Cheever,  Albert  S.,  Mem., 

Superintendent,  Fitchburg  Divi.sion,  Boston  and  Maine  Railroad, 

Boston,  Mass. 
Cheney,  John  E.,  Mem., 

Assistant  City  Engineer,  City  Hall,  Boston,  Mass. 
Chu-D,  Stephen,  Mem., 

Landscape   Architect   and   Consulting   Engineer, 

2  A   Park   street,   Boston,  Mass. 
Clapp,  Otis  F.,  Mem., 

City  Engineer,  •  City  Hall,  Providence,  R.  I. 
Clapp,  Sidney  K.,  Mem.. 

•Assistant  Engineer,   U.   S.   Geological   Survey, 

179  Boston  street,  Boston,  Mass. 
Clapp,  Wilfred  A.,  Mem., 

Civil  Engineer,  Quartermaster's  Dept.,  U.  S.  A.,  Diamond,  Island, 
103  Sherman  street,  Portland,  Me. 

Clark^  W.  Lewis,  Mem., 

Civil  and  Landscape  Engineer,  6  Beacon  street,  Boston,  Mass. 
Residence,  50  Sacramento  street,  Cambridge,  Mass. 

Coffin,  Freeman  C,  Mem., 

Civil  and  Hydraulic  Engineer,  53  State  street,  Boston,  Mass. 
C0GGESH.\LL,    ROEERT   C.    P.,    Mem., 

Superintendent,  Water  Works,        City  Hall,  New  Bedford,  Mass. 
Cook,  Byron  I.,  Mem., 

Inspection  Dept.,  Factory  Mut.  Ins.  Cos.,  31  Milk  street,  Boston. 
Residence,  30  Spring  street,  Woonsocket,   R.   I. 

Cook,  Mayo  T.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

65  City  Hall,  Boston,  Mass. 
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CoRTHELL,  Arthur  B.,  Mem., 

Terminal  Engineer,  Grand  Central  Terminal  Imp.,  N.  Y.  C.  and 
H.  R.  R.  R.,  no  East  Fiftieth  street,  New  York,  N.  Y. 

CoRTHELL,  Elmer  L.,  Mem., 

Consulting  Engineer,  i  Nassau  street,  New  York,  N.  Y. 

Craib,  Charles  G.,  Assoc, 

Superintendent  of  Construction,  Dan  River  Power  Co., 
P.  O.  Box  217,  Danville.  Va. 

Crane,  Albert  S.,  Mem., 

Engineer,  Sanitary  District  of  Chicago, 
1003  Security  Bldg.,  Chicago,  111. 

Crowell,  Alonzo  K.,  Mem., 

Assistant  Roadmaster,  Plymouth  Division,  N.  Y.,  N.  H.  and  H. 

R.  R.,  Hyannis,  Mass. 
CuMMiNGS,  W.  Warren,  Mem., 

Civil  Engineer,  Edison  El.  111.  Co.,      3  Head  Place,  Boston,  Mass. 

Cunningham,  Fred'k  H.,  Mem., 
with  Massachusetts  Highway  Commission,         Box  49,  Bolton,  Mass. 

CuNTz,  William  C,  Mem., 

Assistant  to  General  Manager  of  Sales,  The  Pennsylvania  Steel 
Co.,  Girard  Bldg.,  Philadelphia,  Pa. 

Currier,  George  C,  Mem., 

Engineering  Department,  60  City  Hall,  Boston,  Mass. 

Curtis,  Greely  S.,  Mem., 
Hydraulic  Engineer,  Boston  Fire  Department, 

Bristol  street,  Boston,  Mass. 
Curtis,  Louville,  Mem., 

Roadmaster,  Western  Division,  Boston  and  Maine  Railroad, 

354  Andover  street,  Lawrence,  Mass. 
Cutter,  Charles  R.,  Mem., 

148  Rut'hven  street,  Roxbury,  Mass. 
Cutter,  Louis  F.,  Mem., 

Assistant  Engineer,  Engineering  Department,  60  City  Hall,  Boston. 

Residence,  33  Chestnut  street,  Salem,  Mass. 
Cutter,  Roland  N.,  Mem., 

Engineering  Department,  51   City  Hall,   Boston,  Mass. 
Daniels,  Frank  T.,  Mem., 

Principal  Office  Assistant,  Metropolitan  Water  Works. 

Address,   11  Edison  avenue,  Medford,  Mass. 
Davis,  Charles  Henry,  Mem., 

Consulting  Engineer,  25  Broad  street,  New  York,  N.  Y. 
Davis,  Edmund  S.,  Mem., 

Assistant  Engineer.  Boston  Transit  Commission, 

78  Robinwood  avenue,  Jamaica  Plain,  Mass. 
Davis,  Fred  Rufus,  Mem., 

Resident  Engineer,  Elders  Ridge  Branch,  B.,  R.  and  P.  Ry.  Co., 
Parkwood,  Pa. 

Davis,  Joseph  P.,  Mem., 

Chief  Engineer,  American  Bell  Telephone  Co., 

113  West  Thirty-eighth  street,  New  York,  N.  Y. 
Davis,  Leonard  H.,  Mem., 

Chief  Assistant  Engineer.  Lake  Superior  Power  Co., 
Sault  Ste.  Marie,  Ontario. 
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Deax,  Arthur  W.,  Mem., 

State  Highway  Engineer,  Nashua,  N.  H. 
Deax,  Francis  W.,  Mem., 

Dean  &  Main,  Mechanical  and  Mill  Engineers, 

De.^x,  Luther.  ^lem..  53  State  street,  Boston,  Mass. 
Civil  Engineer,  23  Crocker  Bldg.,  Taunton,  Mass. 

DeWolf,  John  0.,  Mem., 
W.  B.  Smith  \Mialey  &  Co.,  ̂ lechanical  and  Mill  Engineers, 

1012  Tremont  Bldg.,  Boston,  Mass. 
DoDD,  Charles  H.,  ISIem., 

Assistant  Engineer,  Sewer  Division,  Street  Department, 
30  Tremont  street,  Boston,  Mass. 

Dodge,  Samuel  D.,  ]\Iem., 

Assistant    Engineer,    Metropolitan    Water    Works,    i    Ashburton 

Place.  Boston.     Residence,  29  Russell  street',  Arlington,  Mass. 
Dorr,  Edgar  S.,  Mem., 

Chief  Engineer,  Sewer  Division,  Street  Department, 
30  Tremont  street,  Boston,  Mass. 

DowsT,  FR.A.NK  B.,  Mem., 
General  Superintendent,  B.  F.  Sturtevant  Co., 

241  Corey  street,  West  Roxbury,  Mass. 
Drake,  Albert  B.,  ]Mem., 

Civil  Engineer  and  Surveyor, 
164  Williams  street,  New  Bedford,  Mass. 

Dunne,  George  C,  Assoc, 

Manager,  Portland  Stone  Ware  Co., 

42  Oliver  street,  Boston,  Mass. 
DwELLEY,  Edwin  F.,  Mem., 

Harris  &  Dwelley,  Civil  Engineers,  59  Exchange  street. 

Residence,  144  Nahant  street,  Lynn,  Mass. 
Elliot,  Charles  D.,  Mem., 

Consulting  Engineer,  Somerville,   Mass. 
Ellis,  Benjamin  W.,  Mem., 

Principal  Assistant  Engineer,  Boston  Elevated  Railway  Co., 
loi  Milk  street,  Boston,  Mass. 

Ellis,  John  W.,  Mem., 

Civil  Engineer,  178  Devonshire  street,  Boston ;  20  Market  Square, 
Providence,  and  Woonsocket,  R.  I. 

Ellis,  S.  Cl.\rence,  Mem., 
1750  Beacon  street,  Brookline,  Mass. 

Ellsworth,  Emory  A.,  Mem., 

Ellsworth  &  Kirkpatrick,  Architects  and  Civil  Engineers, 

•c-        ̂         /-        /"     Tv/r  18  Dwight  street,  Holyoke,  Mass. 
Emerson,  Guy  C,  Mem.,  ^  '         -^ 

Civil  Engineer,  19  Grovernor  Road,  Jamaica  Plain,  Mass. 
Emigh,  John  H.,  Mem., 

Civil  Engineer,  North  Adams,  Mass. 
Estey,  Henry  W.,  Mem., 

Assistant  Engineer,  City  Engineer's  Office, 
II  Page  street,  Maiden,  Mass. 

Evans,  George  E.,  Mem., 

Civil  and  Hydraulic  Engineer,  95  Milk  street,  Boston,  Mass. 
Evans,  Robert  R.,  Mem., 

City  Engineer,  City  Hall,  Haverhill,  Mass. 
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EwiNG,  William  C,  Mem., 
Manager,  The  C.  H.  W.  Wood  Co., 

2380  Washington  street,  Boston,  Mass. 
Pales,  Frank  L.,  Mem., 

Assistant  Engineer,  Board  of  Trustees,  Commissioners  of  Water 

Works,  City   Hall,   Cincinnati,    Ohio. 
Farnham,  Frederick  W.,  Mem., 

Engineer  in  charge  of  Sewer  Department,  City  Engineer's  Office, 
City  Hall,  Lowell,  Mass. 

Farnham,  Irving  T.,  Mem., 

City  Engineer,  City  Hall,  West   Newton,   Mass. 
Farnum,  Loring  N.,  Mem., 

Civil  Engineer,  53  State  street,  Boston,  Mass. 
Fay,  Frederic  H.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
Felton,  Burton  R.,  Mem., 

Civil  and  Hydraulic  Engineer,  1120  Tremont  Bldg.,  Boston,  Mass. 
Felton,  Charles  R.,  Mem., 

City  Engineer,  City  Hall,  Brockton,  Mass. 
Ferguson,  Hardy  S.,  Mem., 

Chief  Engineer,  Great  Northern  Paper  Co.,  Millinocket,  Me. 
Ferguson,  John  N.,  Mem., 

Assistant  Engineer,  Charles  River  Basin  Commission, 

367  Boylston  street,   Boston,   Mass. 
Fernald,  Clarence  T.,  Mem., 

Assistant  Engineer,  Boston  Elevated  Railway  Co. 
Residence,  32  Malvern  street,  Melrose,  Mass. 

Fernald,  George  N.,  Mem., 

City  Engineer  and  Commissioner  of  Public  Works, 

City  Hall,    Portland,   Me. 
FiTZ,  Charles  F.,  Jr.,  Mem., 

Resident  Engineer,  Massachusetts  Highway  Conmiission, 

Watertown,   Mass. 
FitzGerald,  Desmond,  Mem., 

Consulting  Engineer,  Brookline,   Mass. 
Fletcher,  Austin  B.,  Mem., 

Secretary,  Massachusetts  Highway  Commission, 

20  Pemberton  Square,   Boston,   Mass. 
Flinn,  Alfred  D.,  Mem., 

Managing  Editor,  Engineering  Record.  114  Liberty  street. 

Residence,  839  West  End  avenue.  New  York,  N.  Y. 
Fobes,  Arthur  A.,  Mem., 

Engineer,   Board   of   Public   Works,    City   Hall,    Pittsfield,    Mass. 
FoLsoM,  Charles  W.,  Mem., 

District  Engineer  of  Sewers,        30  Tremont  street,  Boston,  Mass. 
Forbes,  Fayette  F.,  Mem., 

Superintendent,  Water  Works,  Brookline,  Mass. 
Foss,  Clifford,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Works, 

T7  r.r.    \iiT  T'     T\4-  I   Ashburton  Place,  Boston.  Mass. Foss,  William  E.,  Mem., 

Division  Engineer,   Metropolitan   Water   Works, 

I  Ashburton  Place,  Boston,  Mass. 
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Foster.  Walter  B.,  [Nlem., 

Civil  Engineer,  Hingham,  Mass. 

Foster,  \\'illard  j\I.,  Mem., 
Engineer.  Spier  Falls  Dam.  Glens  Falls,  N.  Y. 

Fraxcis,  George  B.,  ]\Iem., 

Civil  Engineer,  with  Westinghouse,  Church,  Kerr  &  Co., 
8   Bridge   street,   New   York,    N.    Y. 

Freemax,  Johx  R.,  ]Mem., 
President  and  Treasurer,   Manfs.,   Rhode   Island  and  Mechanics 

Mut.  Fire  Ins.  Cos.,         S15  Banigan  Bldg.,  Providence,  R.  I. 
Frexch.  Alexis  H.,  Mem., 

Town  Engineer,  Town  Hall,  Brookline.     Also  of  firm  of  French 

&  Bryant,  Civil  Engineers, 
334  Washington  street,  Brookline,  and  4  State  street,  Boston,  Mass. 

Frexch,  Edmuxd  'M..  !\Iem., 
Assistant,  with  Metropolitan  Water  Works, 

Box   186,  Clinton,  Mass. 
Frexch,  Frank  B.,  Mem., 

Assistant  Engineer.  ̂ letropolitan  Sewerage  Works. 

Address,   7  West  street,   Woburn,   Mass. 
Frexch,  George  L.  R.,  !Mem., 

Superintendent.  C.  and  P.  Division,  Boston  and  Maine  Railroad, 
Springfield,  Mass. 

Frexch.  Hevwood  S.,  ]\Iem., 

Boston  Representative  of  the  J.  W.  Bishop  Co., 
683   Atlantic  avenue,   Boston,   Mass. 

Frizell,  Joseph  P.,  Mem., 

Hydraulic  Engineer.  JS  Linden  street,  Dorchester,  Mass. 
Fuller,  Axdrew  D.,  Mem., 

Consulting  and  Contracting  Engineer, 

3  Hamilton   Place,  Boston,   Mass. 
Fuller,  Fraxk  L.,  Mem., 

Civil  and  Hydraulic  Engineer,         12  Pearl  street,  Boston,  Mass. 
Fuller,  Fred  Vincent^  Mem., 

Manager,  Carson  Trench  Machine  Co., 

16  Dorrance  street,  Charlestown,   Boston,   Mass. 
Fuller,  George  W..  Mem., 

Firm  of  Rudolph  Hering  &  Geo.  W.  Fuller,  Hydraulic  Engineers, 
170  Broadway,  New  York,  N.  Y. 

Fuller,  William  B.,  Mem., 

Civil  Engineer.  170  Broadway,  New  York.  N.  Y. 

Gage,  Herbert  *E.,  ]\Iem., 
in  Chief  Engineer's  Office,  B.  and  A.  R.  R..  Boston.  Mass. 

Gaxxett,  Charles  H.,  Mem., 

Civil  Engineer,  53  State  street.  Room  1102,  Boston,  Mass. 
Gay,  Charles  W.,  Mem., 

Civil  Engineer,  25  Exchange  street,  Lynn,  Mass. 
Gerkish,  John  H.,  Assoc, 

Treasurer,  Eastern  Dredging  Co.,  247  Atlantic  avenue,  Boston. 

Residence,  Melrose  Highlands,  Mass. 
Gerry,  Lyman  L.,  Mem., 

with  Engineer  Department,  Massachusetts  Highway  Commission, 
Stoneham,  Mass, 
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GiFFORD,  Nathaniel  W.,  Mem., 

General   Manager,   East  Boston   Gas   Co., 
26  Central   Square.   East  Bo.ston,   Mass. 

Glover,  Albert  S.,  Mem., 

Secretary,  Hersey  Mfg.  Co.,  714  Tremont  Temple,  Boston,  Mass. 
GooDNouGH^  Benj.  F.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Works, 
I  Ashburton  Place,  Boston,  Mass. 

GooDNOuGH,  X.  Henry,  Mem., 

Chief  Engineei-,  Masachusetts  State  Board  of  Health, 
Room    140,    State   House,   Boston,   Mass. 

GouLD^  John  A.,  Mem., 

Chief  Engineer,  Brookline.  Dorchester.  Jamaica  Plain  and  Massa- 

chusetts Pipe  Line,  Gas  Light  Cos., 

100  Boylston  street,   Boston,   Mass. 

Gow,  Charles  R.,  Mem., 
General  Contractor, 

Residence,  15  Spring  Garden  street,  Dorchester,  Mass. 
GowiNG,  E.  H.,  Mem., 

Engineer,  12   Pemberton   Square,   Boston,   Mass. 
Gray,  Joseph  P.,  Mem., 

Vice-President,  Boston  Manfs.  Mut.  Fire  Insurance  Co.,  31  Milk 
street,  Boston. 

Residence,  Hunter  and  Putnam  streets.  West  Newton,  Mass. 
Greene,  Levi  R.,  Mem., 

Consulting  Engineer,  Walworth  Manufacturing  Co. 
Residence,  35  Concord  avenue,  Cambridge,  Mass. 

Griswold,  Leon  S.,  Mem., 

Mining  Geologist,  238  Boston  street,  Dorchester,  Mass. 
Grover,  Arthur  C,  Mem., 

City  Engineer,   Superintendent  of  Streets  and   Superintendent  of 

Water  Works,  48  Prospect  street,  Rutland,  Vt. 

Grover,  Edmund,  Mem., 

Civil  Engineer,  East  Walpole,  Mass. 

Grover,  Nathan  C,  Mem., 

Professor  of  Civil  Engineering,  University  of  Maine,  Orono,  Me. 

GuppY,  Benjamin  W.,  Mem., 
Bridge  Engineer,  Elaine  Central  Railroad,  Portland,   Me. 

Gushee,  Edward  G.,  Mem., 

Civil  Engineer,  2830  West  Lehigh  avenue,  Philadelphia,  Pa. 

Haberstroh,  Charles  E..  ]\Iem., 

Assistant     Superintendent,     Sudbury     Department,     Metropolitan 
Water  Works,  South  Framingham,   Mass. 

Hale,  Richard  A.,  Mem., 

Principal  Assistant  Engineer,  Essex  Water  Power  Co.. 
Lawrence,  Mass. 

Hale,  Robert  S.,  Mem., 
Steam  and  Electrical  Engineer, 

220  Devonshire  street.  Boston.  Mass. 

Hall,  Frank  E.,  Mem., 

Civil  Engineer,  92  West  street,  Worcester,  Mass. 
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Hall,  George  H..  Jr.,  IMem., 

Assistant  Engineer,  N.  E.  Telegraph  and  Telephone  Co.,  104  Milk 
street,  Boston. 

Residence,  5  New  Millet  street,  Dorchester,  Mass. 
Hamilton.  George  W.,  Mem., 

District  Engineer  of  Sewers,        30  Tremont  street,  Boston,  Mass. 
Hamlin,  George  H.,  Mem., 

Civil  Engineer,  Orono  and  Bangor,  Me. 

Ham  matt,  Edward  A.  W.,  Mem., 

Civil  and  Hydraulic  Engineer,  10  Neponset  Blk.,  Hyde  Park,  Mass. 
Hardv,  George  F.,  Mem., 

^lill  and  Hydraulic  Engineer,       309  Broadway,  New  York,  N.  Y. 
Harrington,  David  A.,  Mem., 

Civil  Engineer,  60  State  street,  Boston,  Mass. 
Harrington,  Ephraim,  Mem., 

Ephraim  Harrington  &  Co.,  Civil  and  Consulting  Engineers, 

Harris.  Charles,  ?^Iem..  ^^  ̂^^^^  '^'^^^'  2°^^°"'  ̂ ^^'- 

Agent  of  Barber  Asphalt  Paving  Co., 

70  Kilby  street.  Room  69,  Boston,  Mass. 
Harris,  Isaac  K.,  Mem., 

Civil  Engineer  and  Surveyor,        59  Exchange  street,  Lynn,  Mass. 
Harrison,  Christopher,  Mem., 

City  Engineer,  City  Hall,  Everett,  Mass. 
Hart,  Frank  S.,  Mem., 

Civil  and  Hydraulic  Engineer,  Assistant  Engineer,  Metropolitan 

Water  Works,  South  Framingham,  Mass. 
Hartwell.  David  A..  Mem., 

City  Engineer,  345  Main  street,  Fitchburg,  Mass. 
Harwood,  T.  T.  Hunter^  Mem., 

United  States  Assistant  Engineer,  Rockport,  Mass. 
Haselton,  Gage,  Mem., 

with  N.  Y.,  N.  H.  and  H.  R.  R.,     469  South  Station,  Boston,  Mass. 

Hastings,  Isaac  W.,  Mem., 

Assistant  in  City  Engineer's  Office,  West  Newton,  Mass. 
Hastings,  Lewis  M.,  Mem., 

Civil  Engineer,  26  Dana  street,  Cambridge,  Mass. 
Haswell,  Charles  H.,  Hon.  Mem., 

Civil  and  Mechanical  Engineer,  Consulting  Engineer,  Department 
of  Public  Improvements, 

Room  1803,  Park  Row  Bldg.,  New  York,  N.  Y. 
H.'^tch,  Arthur  E.,  Mem., 

Manager,  Bay  State  Dredging  Co.,  19  High  street,  Boston. 

Residence,  46  Browning  Road,  Somerville,  Mass. 
Hawes,  Louis  E.,  Mem., 

Civil  and  Hydraulic  Engineer,  loi  Tremont  street,  Boston,  Mass. 

Hawkes,  Levi  G.,  Mem., 

Civil  Engineer,  25  Pleasant  street,  Saugus,  Mass. 
Hawley,  William  C,  Mem., 

Assistant  Engineer,  Massachusetts  Harbor  and  Land  Commission, 
Residence,  60  Broadway.  Taunton,   Mass. 

Hazelton,  Charles  W.,  Mem., 

Engineer  and  Treasurer,  Turners  Falls  Co.,  Turners  Falls,  Mass. 

7 
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Hazen,  Allen^  Mem., 
Consulting  Engineer,    St.   Paul   Bldg., 

220  Broadway.  New  York.  N.  Y. 
Heald,  Simpson  C,  Mem., 

Civil  Engineer,  48  Congress  street.  Boston,  Mass. 
Hering,  Rudolph^  Mem., 

Hydraulic   and    Sanitary  Engineer, 

170  Broadway,  New  York.  N.  Y. 
Herschel,  Clemens,  Mem., 

Civil  and   Hydraulic  Engineer, 

2  Wall  street'  New  York,  N.  Y. Hersey,  Frederic  M.,  Mem., 

Assistant  Engineer,  with  E.  W.  Bowditch, 
60  Devonshire  street,  Boston,   Mass. 

Hews,  Joseph  R.,  Mem., 
Engineer  Inspector,  Cambridge  Bridge, 

374  Cambridge  street,  Boston,  Mass. 
Hicks,  C.  Atherton,  Mem., 

Civil  Engineer.  Needham,  Mass. 

HiGGiNS,  Herman  K.,  Memi., 
Assistant  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R.,  472  South  Station, 

Boston,  Mass. 
Hinckley,  David,  Mem., 

Engineer.  Merrimack  ^Manufacturing  Co.,  Huntsville,  Ala. 
Hodgdon,  Frank  W.,  Mem., 

Chief  Engineer.   ̂ Massachusetts  Harbor  and  Land  Commission, 

131   State  House,  Boston,  Mass. 
Hodges,  Gilbert,  Mem., 

Civil  and  Consulting  Engineer,       131   State  street,  Boston,  Mass. 
Holden,  Horace  G.,  Mem., 

Superintendent,    Pennichuck  Water  Works   Co.,    Nashua,    N.   H. 
HoLLis,  Ira  N.,  Mem., 

Professor  of   Engineering,   Lawrence    Scientific   School,   Harvard 
University,  Cambridge,  Mass. 

Holmes,  J.  Albert,  Mem., 
with  Charles  River  Basin  Commission, 

367  Boj-lston  street,  Boston,   Mass. 
Holt,  Arthur  C,  Mem., 

with  Horton  &  Hemenway.  Contractors. 

86  Weybosset  street,    Providence,   R.    I. 
HopsoN,  Ernest  G.,  Mem., 

Civil  Engineer,  3  Beach  Terrace,  E.  143  Street,  New  York,  N.  Y. 
HoRNE,  Harold  W.,  Mem., 

with  Metropolitan  ^^"ater  Board,  Belmont,  ]Mass. 
HoRTON,  Arthur  E.,  Mem., 

Civil  Engineer,  Beacon  Chambers,  Boston,  Mass. 
Horton,  Theodore,  Mem., 

with  Hering  &  Fuller,  170  Broadway,  New  York,  N.  Y. 
Hosmer,  Francis  E.,  Mem., 

Inspector,  Engineering  Department,  Boston, 

569  Broadway,  South  Boston,  Mass. 
Hosmer,  Sidney,  Mem., 

Electrical   Engineer,   Edison   Electric   Illuminating   Co., 

3  Head  Place,  Boston.  Mass. 
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Houghton,  Charles  E.,  Mem., 
with   Boston   Park   Department. 

114  Erie  street,  New  Dorchester,  Mass. 
Howard,  Channing,  Mem., 

Whitman  &  Howard,  Civil  Engineers, 

85  Devonshire  street,  Boston,   Mass. 
How.ARD,  John  L.,  Mem., 

Division  Engineer,  Charles  River  Basin  Commission, 

367  Boylston  street,  Boston,  Mass. 
Howe,  Edward  Wa,  Mem., 

Assistant  Engineer,  Engineering  Department, 

65  City  Hall,  Boston,  Mass. 
Howe,  George  E.,  Mem., 

Civil  Engineer,  41   Vinal  avenue,   Somerville,  Mass. 

Howe,  Horace  J.,  Mem., 

Assistant  Engineer,  Rapid  Transit  Railroad  Commission, 

231  West  125th  street.  New  York,  N.  Y. 
Howe,  Will  B.,  Mem.. 

City  Engineer,  5  Warren  street,  Concord,  N.  H. 
HowLAND,  Albert  H.,  INIem., 

Civil   Engineer,  1 10  Tremont   street,    Boston,   Mass. 
HowLAND,  Charles  W.,  Mem., 

Civil  Engineer  and  Surveyor,        44  Union  street,  Rockland,  Mass. 
Hubbard,  Dwight  L.,  Mem., 

Engineering  Department,  Paving  Division,  Street  Department, 

Hughes,  Hector  J.,  Mem.,  70  City  Hall,  Boston,  Mass. 
Assistant  Professor,  Harvard  University, 

114  Pierce  Hall,  Cambridge,  Mass. 
HuLTMAN,  Eugene  C,  Mem., 

Inspecting  and  Auditing  Engineer  for  West  End  Street  Railway 
System  and  for  Fitchburg  Railroad  Co., 

HuxKiNG,  Arthur  W.,  Mem.,  ^°^  ̂ ^'^^  street,  Boston,  Mass. 

Civil  and  Hydraulic  Engineer,       374  Stevens  street,  Lowell,  Mass. 
Hunter,  Harry  G.,  Mem., 

with  Virginia  Portland  Cement  Co.,  Craigsville,  Va. 
Hunter,  W.  Dabney,  Mem., 

Engineer  and  Superintendent,  Public  Works,  Melrose,  Mass. 

Hunter,  William  B.,  Mem., 

Assistant  Engineer,  United  States  Engineers'  Office, 
TT,.„^    r-^.^rx-^  r-     AT  ™  New  London,   Conn. 
Hyde,  Charles  G.,  Mem.,  ' 

Assistant  Engineer  in  charge  of  Improvement  of  the  Water  Sup- 
ply, Board  of  Public  Works,  Harrisburg,  Pa. 

Jackson,  William,  Mem., 

City  Engineer,  City  Hall,  Boston,  Mass. 
Janes,  Charles  F.,  Mem., 

Assistant  Engineer,  Public  Works  Department, 
T  <-   T-  -Kr  Providence,  R.  I. 
Jaques,  S.  Foster,  Mem.,  ' 

Civil  Engineer,  8  Gushing  street,  Dover,  N.  H. 
Jenney,  Walter,  Mem., 

Superintendent,  Jenney  Mfg.   Co., 

55  G  street,  South  Boston,  Mass. 
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Johnson,  Alpheus  M.,  Mem., 
Assistant  Engineer,  Boston  and  Maine  Railroad. 

2^  Laurel  street,  Concord,  N.  H. 
Johnson,  Edward  J.,  Mem., 

City  Engineer,  Nashua,  N.   H. 
Johnson,  Lewis  J.,  Mem., 

Assistant    Professor    of    Civil    Engineering,    Lawrence    Scientific 
School,  Harvard  University, 

90  Raymond  street,  North  Cambridge,  Mass. 
Johnson,  William  S.,  Mem., 

Assistant  Engineer,  State  Board  of  Health, 
Room  140,  State  House,  Boston,  Mass. 

Jones,  J.  Edwin,  Mem., 

Civil  Engineer,  Jamaica  Plain,  Mass. 
Keene,  William  F.,  Mem., 

City  Engineer,  84  Cross  street,  Central  Falls,  R.  I. 
Keith,  Herbert  C,  Mem., 

Civil  Engineer,  610  East  Eighteenth  street,  Brooklyn,  N.  Y. 

Kendall,  Francis  H.,  Mem., 

Civil  Engineer  for  Middlesex  County  Commissioners, 
Court  House,  East  Cambridge,  Mass. 

Kent,  Willard,  Mem., 

Civil  Engineer,  Narragansett  Pier.  R.  I. 
Kettell,  Charles  W.,  Mem., 

Mechanical  Engineer,  53  State  street,  Room  11 12,  Boston,  Mass. 
KiDD,  Alexander  L.,  Mem., 

District  Engineer  of  Sewers,  30  Tremont  street,  Boston,  Mass. 

Kimball,  George  A.,  Mem., 

Chief  Engineer,  Elevated  Lines,  Boston  Elevated  Railway  Co., 
lOi   Milk   street,   Boston,   Mass. 

Kimball,  Harry  L.,  Mem., 

First  Assistant  Engineer,  with  Pierce  &  Barnes,  Boston. 

Residence,  358  Waltham  street,  West  Newton,  Mass. 
Kimball,  Joseph  H.,  Mem.. 

Assistant  Engineer,  City  Engineer's  Office,  West  Newton,  Mass. 
KiNEALY,  John  H.,  Mem., 

Paul-Kinealy   Co.,   Consulting  Engineers, 
1 108   Pemberton   Bldg.,   Boston,   Mass. 

King,  George  A.,  Mem., 

Clerk  and  Superintendent  of  Water  Works, 

City  Hall,  Taunton,  Mass. 
Kinnicutt,  Leonard  P.,  Mem., 

Professor  of  Chemistry,  Worcester  Polytechnic  Institute, 
Worcester,  Mass. 

Kirkpatrick,  John  J.,  Mem., 
Ellsworth  &  Kirkpatrick,  Architects  and  Civil  Engineers, 

18  Dwight  street,  Holyoke,  Mass. 
Knapp,  Frederick  B.,  Mem., 

Principal   of   Powder   Point   School,  Duxbury,   Mass. 

Knowles,  Morris,  Mem., 

Filtration    Engineer,    Department    of    Public    Works,    Pittsburg; 
also  Chapin  &  Knowles,  Civil  and  Constructing  Engineers, 

1017  Frick  Bldg.,  Pittsburg,  Pa. 
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Lanza,  Gaetano,  Mem.. 

Professor  of  Theoretical  and  Applied  Mechanics,  Massachusetts 

Institute  of  Technology,  Boston,  Mass. 
Lavis,.  Frederick,  ]\Iem., 

with  Westinghouse,  Church,  KeiT  &  Co., 
10  Bridge  street.  New  York,  N.  Y. 

Lawtox,  Louis  C,  Mem., 

with  Engineering  Department,  Boston  and  Maine  Railroad, 
North  Station.  Boston,  Mass. 

Lawton,  Perry,  Mem., 

Civil  Engineer,  7  Savings  Bank  Bldg.,  Quincy,  Mass. 
Learxed,  Waldo  A.,  Mem., 

General  Superintendent,  Newton  and  Watertown  Gas  Light  Co., 
Watertown,  Mass. 

Learxed,  Wilbur  F.,  Mem., 

Superintendent  of  Streets  and  Sewers,  Watertown,  Mass. 
Leavitt,  Erasmus  D.,  Mem., 

iMechanical  and  Consulting  Engineer, 

2  Central  Square,  Cambridgeport,  Mass. 
Ledder,  Gottfred,  G.,  Assoc. 

Dealer  in  Surveying  Instruments,  Field  and  Drawing  Supplies, 

9  Province  Court,  Boston,  Mass. 
Lelaxd^  George  I.,  Mem., 

City  Engineer,  City  Hall,  Lynn,  Mass. 
Libbey,  Dana^  Mem., 

Deputy  Street  Commissioners  in  charge  of  Sewers,   Newton. 

Residence,   134  Eliot  avenue,  West  Newton,  Mass. 
Lincoln,  Edwix  H.,  Mem., 

Aspinwall  &  Lincoln,  Civil  Engineers, 

120   Tremont   street,    Room    606,    Boston;   Mass. 

LiXK,  John  William,  Mem., 

with  Niagara  Falls  Power  Co.,  Niagara  Falls,  .N.  Y. 
Locke,  Franklin  B,,  Mem., 

City  Engineer.  North   Adams,   Mass. 
Locke,  Wilbur  S.,  Assoc. 

Manager  of  Sales.  Carnegie  Steel  Co., 

125  Milk  street,  Boston,  Mass. 
Lovis,  Andrew  M.,  Mem., 

Assistant  Engineer.  Massachusetts  Highway  Commission, 

20  Pemberton  Square,  Boston,  Mass. 
Luther,  William  J.,  Mem., 

Civil  Engineer,  Superintendent,  Attleboro  Gas  Light  Co., 

153  Pleasant  street,  Attleboro,  Mass, 
Lyman,  Edward,  Mem., 

Civil  and  Mechanical  Engineer,  Lowell  Mfg.  Co., 

T  T  -c    Tv/r  431  Wilder  street,  Lowell.  Mass. 
Lyman,  John  F.,  Mem.,  ■  ̂ -^  ' 

Consulting  Engineer  and  Architect,  Keysville,  Va, 
MacCurdy,  Harry  S.  R.,  Mem., 

Assistant   Engineer,   "Boston  Transit  Commission, 
61  Grampian  Way,  Dorchester,  Mass. 

Macksey^  Henry  V.,  Mem., 

Deputy  Superintendent,  Paving  Division,  Street  Department, 

44  City  Hall,   Boston,  Mass. 



i6  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Macomber,  Harry  F.,  Mem., 

with  Luther  Dean,  C.E.,  187  County  street,  Taunton,  Mass. 
Main,  Charles  T.,  Mem., 

Dean  &  Main,  Mechanical  and  Mill  Engineers, 

53  State  street.  Room  11 12,  Boston,  Mass. 
Manahan,  Elmer  G.,  Mem., 

Assistant  Engineer,  Jersey  City  Water  Supply  Co.,     Oradell.  N.  J. 
Manley,  Henry,  Mem., 

Assistant  Engineer,  Engineering  Department, 

51   City  Hall,  Boston,  Mass. 
Manley,  Laurence  B.,  Mem.. 

Assistant  Engineer,  Boston  Transit  Commission, 
20  Beacon  street,  Boston,  Mass. 

Marble,  Arthur  D.,  Mem., 

City  Engineer,  City  Hall,  Lawrence,  Mass. 
Marvell,  Edward  I.,  Mem., 

Civil  and  Mechanical  Engineer, 

29  Bedford  street.  Fall  River,  Mass. 
Mason,  Charles  A.,  Mem.j 

W.  A.  Mason  &  Son,  Civil  Engineers  and  Surveyors, 

Central  Square,  Cambridge,  Mass. 
Mattice,  Asa  M.,  Mem., 

Chief  Engineer,  Westinghouse  Electric  and  Manufacturing  Co., 
Box   911,    Pittsburg,    Pa. 

McAlpine,  William  H.,  Mem., 
Junior  Engineer,  on  Locks  and  Dams, 

415  Custom  House,  Cincinnati,  Ohio. 
McClintock,  William  E.,  Mem., 

Civil  and  Hydraulic  Engineer, 
20  Pemberton  Square,  Boston,  Mass. 

McInnes,  Frank  A.,  Mem., 

Assistant  Engineer,  Engineering  Department,  Boston, 

23  Salcombe  street,  Dorchester,  Mass. 
McKay,  William  E.,  Mem., 

Assistant  Engineer,  Bay  State  Gas  Co.,  and  Boston  Gas  Light  Co., 

Dudley  Road.  Milton.  Mass. 
McKenna,  James  A.,  Mem., 

Assistant  Engineer,  City  Engineer's  Oflfice,         Providence,  R.  L 
McKibben,  Frank  P.,  Mem., 

Assistant  Professor  of  Civil  Engineering,  Massachusetts  Institute 
of  Technology,  Boston,  Mass. 

Metcalf,  Leonard,  Mem., 

Consulting  Civil  Engineer,  14  Beacon  street,  Boston,  Mass. 
Mildram,  Henry  C,  Mem., 

Assistant  Engineer,  Street  Laying-Out  Department, 
23  Old  Court  House,  Boston,  Mass. 

Miller,  Edward  F.,  Mem., 

Professor,  Steam  Engineering,  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass. 

Miller,  Hiram  A.,  Mem., 

Chief  Engineer,  Charles  River  Basin  Commission, 

367  Boylston  street,  Boston,  Mass. 
Miller,  William  L.,  Assoc, 

Contractor  for  Public  Works,  19  Milk  street,  Boston,  Mass. 



BOSTON  SOCIETY  OF  CIVIL  ENGINEERS.  17 

Mills,  Charles,  Mem., 

Civil  Engineer,  Euclid  avenue,  Winchester,  Mass. 
Mills,  Fkaxk  H.,  Mem., 

City   Engineer,  Woonsocket,   R.   I. 
Mixer,  Franklin  M.,  i\Iem., 

Engineering  Department,  Surveying  Division, 
27  Old  Court  House,  Boston,  Mass. 

Moore,  Arthur  C,  IMem., 

Civil  Engineer,  lOO  Main  street,  Southbridge,  Mass. 
Morrill,  George  S.,  ]Mem., 

Division  Engineer.  N.  Y.,  N.  H.  and  H.  R.  R.,  Boston,  Mass. 
Morris,  Fr-\nk  H.,  Mem., 

Civil  Engineer,  86  Hudson  street,  Somerville,  Mass. 
Morrison,  Harry  J.,  Mem., 

Division  Engineer,  Metropolitan  Water  Works, 

25  Leighton  avenue,  Clinton,  Mass. 
Morrison,  John  W.,  [Mem., 

Manager,  Branch  Office  Hornblower  &  Weeks, 

53  State  street,  Room  203,  Boston,  Mass. 
Morse,  Charles  F.,  !Mem., 

Assistant  Engineer,  Metropolitan  Park  Commission, 
12  Russell  street.  Maiden,  Mass. 

Morse,  William  P.,  ]Mem., 

Assistant  City  Engineer  of  Newton, 

City  Hall,  West  Newton,  Mass. 
Moses,  John  C,  Mem., 

Chief  Draughtsman,  Boston  Bridge  Works,         Cambridge,  Mass. 
MoTT,  Samuel  J.,  Mem., 

J.  J.  Mott  &  Son,  Civil  Engineers, 

466  Broadway,  Saratoga  Springs,  N.  Y. 
Motte,  ̂ I.  Irving,  Mem., 

Manager  and  Engineer,  Boston  office,  Elektron  Mfg.  Co., 

179  Lincoln  street,  Boston,  Mass. 
Moultrop,  Irving  E.,  Mem., 

Mechanical  Engineer,  The  Edison  Electric  Illuminating  Co., 
516  Atlantic  avenue,  Boston,  Mass. 

Nash,  Henry  A.,  Jr.,  Mem., 

Civil   Engineer,  Weymouth  Heights,   Mass. 
Nelson,  George  A.,  i\Iem.. 

Assistant  Engineer,  City  Engineer's  Office, 

Nelson.  William.  Mem..  ^''^  ̂^^^'  L°^^"'  ̂ ^''- 

of  firm  H.  Bickford  &  Co.,  ̂ Manufacturers  of  Boring  and  Turning 

Mills,.  Lakeport,  N.  H. 
Nichols,  Alfred  E.,  Mem., 

with  Swain  Turbine  and  Mfg.  Co., 

NiCKERSON,  Addison  C,  ^42  Wilder  street,  Lowell,  Mass. 
Civil  Engineer,  Harwich,  Mass. 

Noble,  Walter  E.,  Mem., 

Assistant  Engineer,  Reservoir  Commission, 

Norris,  Walter  H.,  Mem.,  City  Hall,  Fall  River,  Mass. 

Chief  Engineer's  Office,  Boston  and  Maine  Railroad, 
Boston,  Mass. 
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Nye,  George  H.,  Mem., 
Civil  Engineer,  323  Cottage  street,  New  Bedford,  Mass. 

Ober,  Arthur  J.,  Mem., 

United  States  Junior  Engineer,  10  Lincoln  street,  Newport,  R.  I. 
Olmsted,  John  C,  Mem., 

Landscape  Architect,  Brookline,  Mass. 
Palmer,  Alfred  T.,  Mem., 

Civil  Engineer,  53  State  street,  Room  540,  Boston,  Mass. 
Parker,  Harold,  Mem., 

Parker  &  Bateman,  Civil  Engineers,  Clinton. 

•n  ,,r  ,,  Residence,  South  Lancaster,  Mass. 
Parker,  William,  Mem., 

Division  Engineer,  B.  and  A.  R.  R.,  N.  Y.  C.  and  H.  R.  R.  R.  Co.. 
Lessees,  372  South  Station,  Boston,  Mass. 

Parsons,  Charles  S.,  Mem., 

Chief  Clerk,  Engineer  Department,  50  City  Hall,  Boston,  Mass. 
Patch,  Walter  W.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Works, 

22  Dennison  avenue,  South  Framingham,  Mass. 

Patstone,  L.  Frederick,  Mem., 

Superintendent  of  Highways  and  Bridges,  Manilla,  Philippines. 
Pearse,  Langdon, 

Civil   Engineer,  P.  O.  Box  203,  Augusta,   Me. 
Pearson,  Charles  A.,  Mem., 

Civil  Engineer  and  Surveyor, 

Pearson,  Fred  S.,  Mem.,  ^  Waverley  Block,  Charlestown,  Mass. 

Consulting  Engineer,  .29  Broadway,   New  York,   N.   Y. 
Peck,  Charles  H.,  Mem., 

Civil   Engineer,  344  Blackstone   street.   Providence,   R.   I. 
Peirce,  Eugene  E.,  Mem., 

Assistant   Engineer,    with    Massachusetts    Board   of   Harbor   and 

Land   Commissioners,  134  State   House,   Boston,   Mass. 
Peirce,  Frank  A.,  Mem., 

Civil  Engineer,  Spartanburg,  S.  C. 
Perkins,  Clarence  A.,  Mem., 

Engineer,  N.  E.  Telegraph  and  Telephone  Co. 

Residence,  57  High  street.  Maiden,  Mass. 
Perkins,  Theodore  P.,  Mem., 

Assistant  Engineer,    Chief  Engineer's  Office,   Boston  and  Maine 
Railroad,  Boston,    Mass. 

Pettee,  Eugene  E.,  Mem., 

with  J.  R.  Worcester,  C.E.,  Boston. 
Residence,  269  Lowell  avenue,  Newtonville,  Mass. 

Phillips,  Henry  A.,  Mem., 

Architect,  120  Tremont  street.  Room  503,  Boston,  Mass. 

Pierce,  Herbert  F.,  Mem., 

Pierce  &  Barnes,  Civil  Engineers,  7  Water  street,  Boston,  Mass. 
Pierce,  James  W.,  Mem., 

City  Engineer,  City  Hall,  Cambridge,  Mass. 
Pierce,  William  T.,  Mem., 

Engineer,  Metropolitan  Park  Commission, 

14.  Beacon  street,  Boston,  Mass. 
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Plimpton,  Arthur  L.,  j\Iem., 

Civil  Engineer  in  charge  of  the  Department  of  Civil  Engineering  of 
the  Bureau  of  Surface  Lines,  Boston  Elevated  Railway  Co., 

loi  Milk  street,  Boston,  Mass. 
PoLLEYS,  William  V.,  ]\Iem.. 

of  firm  of  the  R.  H.  Tingley  Co.,  Civil  Engineers, 
75   Westminster  street,   Providence,   R.   I. 

PoxD,  Robert  W.,  jNIem., 

Town  Engineer,  Arlington,  Mass. 
Pope,  Lemuel,  ]Mem., 

Port  Angeles,  Wash. 
Pope,  ]\Iacy  S..  Mem.. 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 
Porter,  Dwight,  Mem., 

Professor  of  Hydraulic  Engineering,   Massachusetts  Institute  of 
Technology,  Boston,  Mass. 

Pratt,  C.  Bartox,  Mem., 

Civil  Engineer,  14  Park  Lane,  Jamaica  Plain,  Mass. 

Pratt,  Dana  M.,  Mem., 

Assistant  with  French  &  Bryant, 

334  Washington  street,  Brookline,  Mass. 
Pratt,  Daniel  W.,  Mem., 

Assistant  Engineer  with  E.  W.  Bowditch, 

60  Devonshire  street,  Boston,  Mass. 
Pratt,  Robert  W.,  Jr.,  Mem., 

Engineer.  Ohio  State  Board  of  Health. 

P.  O.  Box  760,  Columbus,  Ohio. 
Prichard,  Charles  F., 

General  Manager,  Lynn  Gas  and  Electric  Co., 

90  Exchange  street,  Lynn,  Mass. 
Putnam,  Charles  E.,  Mem., 

Assistant  Engineer,  Park  Department, 

Jamaica  Park,  Jamaica  Plain,  Mass. 
Reynolds,  Henry  J.,  Mem., 

Assistant  Engineer,  City  Engineer's  Office,  Providence,  R.  I. 
Rice,  George  S.,  Mem., 

Deputy  Chief  Engineer,  Rapid  Transit  Railroad  Commission, 

320  Broadway,  New  York,  N.  Y. 
Rice,  James,  Mem., 

Inspector,  Hartford  Steam  Boiler  Inspection  and  Insurance  Co., 
loi  Milk  street.  Room  409,  Boston,  Mass. 

Rice,  L.  Frederick,  Mem.. 

Assistant  Engineer,  American  Bell  Telephone  Co., 

125  Milk  street,  Boston,  Mass. 
Rice.  Otis  D.,  Mem., 

Civil  Engineer.  19  Hutchinson  street,  Winthrop,  Mass. 
Rich,  Isaac,  Mem., 

Assistant  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R.,  Boston. 

Residence,  36  Walnut  street,  Somerville,  Mass. 
RiCH.ARDS,  Robert  H.,  Mem., 

Professor,  Mining  Engineering  and  Metallurgy,  Massachusetts  In- 
stitute  of   Technology,  Boston,    Mass. 

Richards,  Walter  H..  ?\lem.. 

Engineer  of  Water  and  Sewer  Departments,  New  London,  Conn. 
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Richardson,  Thomas  F.,  Mem., 

Engineer,   Dam  and  Aqueduct   Department,    Metropolitan   Water 

Works,  Clinton,   Mass. 

RoBBiNS,  Arthur  G.,  Mem., 

Assistant  Professor  of  Highway  Engineering,  Massachusetts  Insti- 
tute of  Technology,  Boston,  Mass, 

RoBBiNS,  Charles  S.,  Assoc, 

Treasurer  and  General  Manager,  Eastern  Clay  Goods  Co., 

65  Oliver  street,  Boston,  Mass. 
RoBEiNS,  Franklin  H.,  Mem., 

Civil  Engineer,  Residence,  129  Prospect  Place,  Brooklyn,  N.  Y. 
Rollins,  James  W.,  Jr.,  Mem., 

of  Holbrook,  Cabot  &  Rollins,  Engineers  and  Contractors, 

6  Beacon  street,  Boston.  Mass. 
Ropes,  Horace,  Mem., 

Engineer,    Weston    Aqueduct,    Department    Metropolitan    Water 
Works,  South  Framingham,  ]\Iass. 

Ross,  Elmer  W.,  Mem., 

Assistant  Engineer,  Bridge  Department,  City  Engineer's  Office, 

RowELL,  Frank  B.,  Mem.,  Providence.  R.  I. 
Assistant  Engineer,  Boston  and  Maine  Railroad, 

14  Linwood  Road,  Lynn,   Mass. 
Sabine,  Edward  D.,  Mem., 

Chief  Engineer,  American  Pneumatic  Service  Co., 

115  Chauncy  street,  Boston,  Mass. 
Safford,  Arthur  T.,  Mem., 

Assistant  Engineer,  Props.,  The  Locks  and  Canals  on  Merrimack 

River,  66   Broadway,   Lowell,    Mass. 
Sampson,  George  T.,  Mem., 

Division  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 
South  Station,  Boston,  Mass. 

Sanborn,  Frank  B.,  Mem., 

Professor  of  Civil  Engineering,  Tufts  College, 
Address,  Tufts  College,  Mass. 

Sanborn,  Morton  F.,  Mem., 

with  Metropolitan   Sewerage  Works, 

79  Benton  Road,   Somerville,   Mass. 
Sando.  Will  J.,  Mem.,  ^  „ 

26  Gramercy  Park,  New  York,  N.  Y. 
Sargent,  Alfred  F.,  Mem., 

Civil  Engineer  and  Notary  Public,  425  Main  street.  Maiden,  Mass. 
Saville,  Caleb  Mills,  Mem., 

Division  Engineer,  Metropolitan  Water  Works, 
I  Ashburton  Place,  Boston,  Mass. 

Sawyer,  Edward,  Mem., 

Civil  Engineer,  60  Congress  street,  Boston,  Mass. 
Sawyer,  Walter  H.,  Mem., 

Agent  and  Engineer,  Union  Water  Power  Co., 

II  Lisbon  street,  Lewiston,  Me.;  also  60  Congress  street,  Boston,  Mass. 
Schwamb,  Peter,  Mem., 

Professor  of  Mechanism,  Massachusetts  Institute  of  Technology, 

Sellew,  Edgar  P.,  Mem.,  ^°^*°"'  ̂ ^''- 
Civil  Engineer,  19  Wheeler  street,   Somerville,  Mass. 
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Semple,  William  J.  C,  Mem., 

Street  Laying-Out  Department,   Surveying  Division, 
23  Old  Court  House,  Boston,  Mass. 

Servis,  George  O.  W.,  ̂ ^lem.. 

Assistant  in  City  Engineer's  Office,  City  Hall,  Somerville,  Mass. 
Shaw,  Edw.ard  S.,  I\Iem., 

Bridge  and  Consulting  Engineer,  12  Pearl  street,  Boston,  Mass. 
Shedd,  Edw.ard  W..  Mem.. 

Civil  Engineer,  146  Westminster  street.  Providence,  R.  1. 
Shedd,  George  G.,  Mem., 

Resident  Engineer,  Garvin  Falls  Power  Development, 

„  ^    ̂ ^  , ,  34  Thompson  street,  Concord,  N.  H. 
Shedd,  J.  Herbert^  JMem., 

Consulting  Engineer,  Providence,  R.  L 

Shepard,  Walter,  Mem., 
Chief  Engineer,  B.  and  A.  R.  R.,  Boston. 

Residence,  79  Bloomfield  street,  Dorchester,  Mass. 
Shermax,  Charles  W.,  !Mem., 

Division    Engineer,     Sudbury    Department.    Metropolitan    Wafer 
Works,  I  Ashburton  Place,   Boston,  Mass. 

Sherry^  Frank  E.,  Mem., 
Civil  Engineer  and  Surveyor, 

15  Court  Square,  Boston,  Mass. 
Shirreffs,  Reuben,  ̂ Mem., 

Hydraulic  Engineer,  Great  Falls  Power  Co., 

1420  New  York  avenue,  Washington,  D.  C. 
Simpson,  E.  Roland,  Mem., 

Mechanical  Engineer,  Chapman  Double  Ball  Shafting  Bearing  Co., 

Ltd.,  39  Scott  street,  Toronto,  Can. 
Skinner,  Fenwick  R,  Mem., 

Draughtsman,  Westinghouse,  Church,  Kerr  &  Co., 

Room  317,  8  Bridge  street,  New  York,  N.  Y. 
Sleeper,  George  E.,  Mem., 

Civil  Engineer,  P.  O.  Box  3198,  Boston,  Mass. 
Smilie,  Edward  S.,  Mem., 

Civil   Engineer   and    Surveyor,  Newton,   Mass. 
Smith,  Chester  W.,  Mem., 

Division  Engineer  with  Metropolitan  Water  Works, 

23  Prospect  street,  Clinton,  Mass. 
Smith,  Melvin  B.,  Mem., 

Smith  &  Brooks,  Civil  Engineers  and  Surveyors, 

^  ^  ,,  26  Hildreth  Bldg.,  Lowell,  Mass. 
Smith,  Sidney,  Mem., 

Civil  Engineer,  91  Maple  street,  West  Roxbury,  Mass. 
Snow,  F.  Herbert,  Mem., 

Snow  &  Barbour,  Civil  and  Sanitary  Engineers, 
1 120  Tremont  Bldg.,  Boston,  Mass. 

Snow,  Franklin  A.,  Mem., 

Civil  Engineer  and  Contractor,  Brookline,   Mass. 
Snow,  J.  Parker,  Mem., 

Bridge  Engineer,  Boston  and  Maine  Railroad,  Boston,  Mass. 
Sonne,  Otto,  Mem., 

Civil  Engineer, 

68  Devonshire  street   (P.  O.  Box  3051),  Boston,  Mass. 
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SoPER,  George  A.,  Mem., 

Engineer  and  Chemist,  29  Broadway,  New  York,  N.  Y. 
Spalding,  Frederic  P.,  Mem., 

Assistant  Engineer,  Engineering  Department, 
60  City  Hall,  Boston,  Mass. 

Spear,  Walter  E.,  Mem., 

Department  Engineer,   Commission  on  Additional   Water  Supply, 
1620  Park  Row  Bldg.,  New  York,  N.  Y. 

Spofford,  Charles  M.,  Mem., 

Assistant  Professor  of  Civil  Engineering,  Massachusetts  Institute 
of  Technology,  Boston,   Mass. 

Spofford,  Nelson,  Mem., 

Civil  Engineer  and  Surveyor  for  Massachusetts  on  her  Northern 

Boundary,  14  Water  street,  Haverhill,  Mass. 
Stanford,  Homer  R.,  Mem., 

Civil  Engineer,  United  States  Navy, 

Navy  Yard,  Pensacola,  Fla. 
Stearns,  Edward  B.,  Mem., 

Contracting  Manager,  American  Bridge  Co., 

89  State  street,  Boston,  Mass. 
Stearns,  Frederic  P.,  Mem., 

Chief  Engineer,  Metropolitan  Water  and  Sewerage  Board, 
I  Ashburton  Place,  Boston,  Mass. 

Stearns,  Herbert  R.,  Mem., 

with  Metropolitan'  Sewerage  Works, 
Residence,  108  Gushing  avenue,  Dorchester,  Mass. 

Stephenson,  Frank  H..  Mem., 
Assistant  in  Office,  Allen  Hazen,  C.E., 

220  Broadway,  New  York,  N.  Y. 
Stevens,  Harold  C,  Mem., 

Assistant    Engineer,    Improvement,    Extension    and    Filtration    of 
Water  Supply,  710  City  Hall,  Philadelphia,  Pa. 

Stoddard,  George  C,  Mem., 

Civil  and  Sanitary  Engineer, 

215  West  125th  street,  New  York,  N.  Y. 
Stone,  Charles  A., 

Stone  &  Webster,  Electric  Experts  and  Engineers, 

84  State  street,  Boston,  Mass. 
Storr,  Harry  A.,  Mem., 

Electrical  Engineer,  Reclamation,  United  States  Geological  Survey, 

Chamber  of  Commerce  Bldg.,  Denver,  Col. 
Story,  Isaac  M.,  Mem., 

Resident  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 

Residence,  (y'j  Hancock  street,  Somerville,  Mass. 
Stratton,  George  E.,  Mem., 

United  States  Geological  Survey,  Engle,  N.  M. 
Street,  Leonard  L.,  Mem., 

Assistant  Engineer,  Boston  Transit  Commission, 

27  Pearl  street,  Dorchester,  Mass. 
Swain,  George  F.,  Mem., 

Professor  of  Civil  Engineering,  Massachusetts  Institute  of  Tech- 
nology, and  Engineer,  Massachusetts  Railroad  Commissioners, 

Boston,  Mass. 
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Sweet,  Kilburn  S.,  ̂ lem., 

Instructor  in  Civil  Engineering,  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass. 

SymondSj  Henry  A.,  ]\Iem., 

Engineer  with  Booth  &  Co.,  Boston. 
Address.   Box  98,  Behiiont,   Mass. 

Taber,  James  C.  S.,  !Mem.. 
Assistant  Engineer,  Boston  and  Worcester  Street  Railway  Co., 

21  Bromfield  street.  Boston,  Mass. 

Taylor,  Edwin  A.,  jNIem., 

Civil  Engineer,  Uxbridge,  Mass. 
Ta\xor,  Lucian  A.,  Mem., 

Civil  Engineer  and  Contractor,  719  Tremont  Bldg.,  Boston.  Mass. 

Temperley,  Ch.\rles,  Mem., 

Assistant  in   City  Engineer's  Office, 
13  High  street,  Medford,  Mass. 

Thompson,  Sanford  E.,  I\Iem., 
Civil   Engineer.  Newton   Highlands,   Mass. 

Thorndike,  Sturgis  H.,  Mem., 

Assistant  Engineer,   Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
Thorpe,  Lewis  D.,  Mem., 

with  F.  C.  Coffin.  C.E.,  Boston.        Address,  West  Medford,  Mass. 

TiGHE,  James  L.,  Mem., 

City  Engineer,    .  Holyoke,  Mass. 
Tilden,  James  A.,  Mem.. 

General  ^lanager,  Hersey  Mfg.  Co.,  South  Boston,  Mass. 
TiNGLEY,  Richard  H.,  Mem., 

Consulting  Engineer,  29  Broadway,  New  York,  N.  Y. 
Tinkham,  S.  Everett,  Mem., 

Assistant  Engineer,   Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
Titus,  John  E.,  Mem., 

Landscape  Architect, 

1129  Boylston  street,  Newton  Upper  Falls,  Mass. 
Tomlinson,  Alfred  T.,  Mem., 

with  J.  G.  White  &  Co.,  Engineers  and  Contractors, 

43  Exchange  Place,  New  York,  N.  Y. 
Tower,  J.  Wallace,  Mem., 

Principal  Assistant  Engineer,  Great  Northern  Paper  Co., 
Millinocket,  Me. 

TowNSEND,  Arthur  C,  Assoc, 

Deputy  Sewer  Commissioner  and   Superintendent  of  Sewers, 

City  Hall,  Lynn,  Mass. 
Treadwell,  Edward  D.,  Mem., 

Surveyor,  Engineering  Department,  Maiden, 
124  Linden  avenue,   Maiden,  Mass. 

Tripp,  Oscar  H.,  Mem., 

Civil   Engineer,  Rockland,    Me. 
Tucker,  Francis  C,  Mem., 

Black  Hills  Engineering  Co.,  Civil  and  Mining  Engineers,  United 
States   Deputy    Mineral    Surveyors, 

P.  O.  Bldg.,  Deadwood,  S.  D. 
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Tucker,  Lester  W.,  Mem., 

Civil  Engineer,  34  Banks  street.  West  Somervillc,   }\Iass. 
Turner,  Daniel  L.,  Mem., 

Instructor    in    Surveying    and    Hydraulics,    Harvard    University ; 
also  Assistant  Engineer,  Rapid  Transit  Railroad  Commission, 

320  Broadway,  New  York,  N.  Y. 
Turner,  Edmund  K.,  Mem., 

Civil  Engineer,  53  State  street,  Room  842,  Boston,  Mass. 
Upham,  Frank  W.,  Mem., 

Assistant  Engineer,  City  Engineer's  Of^ce,  Newton. 
Address  126  Eliot  avenue.  West  Newton,  ]Mass. 

Varney,  Henry  A.,  Mem., 
First  Assistant,  Engineering  Department, 

Room  15,  Town  Hall,  Brookline,  Mass. 
Vaughan,  Louis  B.,  Mem., 

Civil  Engineer, 

Residence,  100  Pembroke  street,  Boston,  Mass. 
Vickery,  Gilbert  S.,  Mem., 

with  Pennsylvania  Steel  Co.,  1222  Market  street,  Harrisburg,  Pa. 
VoSE,  George  L.,  Hon.  Mem., 

Civil  Engineer,  Paris,  Me. 

Waitt,  Charles  G.,  Mem., 
Assistant  Engineer,  ]\Ietropolitan   Sewerage  Works, 

East  Milton,  Mass. 
Wales,  Frederick  N.,  Mem., 

Clerk  of  Board  of  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 
Walker,  Elton  D.,  Mem., 

Professor  of  Hydraulic  and   Sanitary  Engineering,   Pennsylvania 

State  College,    •  State  College,  Pa. 
Walker,  Joseph  William,  Mem., 

Chief  Inspector,  New  Dry  Dock  at  Portsmouth  Navy  Yard. 

Address,  11  Wibird  street.  Portsmouth,  N.  H. 

Wallace,  Chester  J.,  Mem., 

Assistant  Engineer,  with  Town  Engineer, 

Town  Hall,  Brookline,  Mass. 
Wallace,  Joseph  H.,  Mem., 

Mill  Architect  and  Hydraulic  Engineer, 

1036  Temple  Court  Bldg.,  New  York,  N.  Y. 
Walworth,  Arthur  C,  Mem., 

President,  Walworth  Construction  and  Supply  Co., 

100  Pearl  street,  Boston,  Mass. 
Warren,  Dean  C,  Mem., 

Assistant  Engineer,  Metropolitan  Sewerage  Works, 

Address,  30  King  street,  Dorchester,  Mass. 
Warren,  George  M.,  Mem., 

with  L.  E.  Hawes,  C.E.,  lOi  Tremont  street,  Boston,  Mass. 
Wason,  Leonard  C,  Mem., 

President,  Aberthaw  Construction  Co.,  8  Beacon  street,  Boston. 

Residence,  199  Harvard  street,  Brookline,  Mass. 
Waterman,  Frank  E.,  Mem., 

Civil  Engineer,  86  Weybosset  street,  Providence,  R.  I. 
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Watsox,  William,  jNIem.. 

Secretarj',  American  Academy  of  Arts  and  Sciences, 
107  Marlborough  street,  Boston,  Mass. 

Webb.  DeWitt  C,  ̂ lem., 

Civil  Engineer.  United  States  Nav}'  Yard,  Philadelphia.  Pa. 
Webber,  William  O.,  Mem., 

Consulting  Engineer,        53  State  street,  Room  432,  Boston,  Mass. 

Webber,  ̂ ^'I^"SLO\v  L.,  jNIem., 
City  Engineer,  City  Hall,  Gloucester,  Mass. 

\\'ebster,  Edwin  S., 
Stone  &  Webster.  Electrical  Engineers, 

84  State  street,  Boston,  Mass. 
Wells.  Charles  E.,  ]\Iem., 

Division  Engineer,  Metropolitan  Water  Works, 

55  Prescott  street,  Clinton,  Mass. 
Westcott,  Frank  T.,  ̂ Mem., 

Superintendent  of  Streets,  North  Attleborough,  Mass. 
Weston,  Edmund  B.,  Mem., 

Consulting  and  Civil  Engineer, 
86  Weybosset  street.  Providence,  R.  I. 

Weston.  Robert  S..  ̂ lem.. 

Sanitary  Expert,  14  Beacon  street,  Boston,  Mass. 

\\'etherbee,  George  A.,  Mem., 
City  Engineer,  City  Hall,  Maiden,  Mass. 

Wetherbee.  George  H..  Jr.,  ̂ lem.. 

White  &  Wetherbee,  Civil  Engineers.  Ofifices  179  Summer  street 

Boston,   and  in   Braintrce.  Address,   Braintree,  Mass. 
Wheeler,  Bertrand  T.,  Mem., 

Assistant  Engineer  of  Construction,  N.  Y.,  N.  H.  and  H.  R.  R,, 
461  South  Station,  Boston,  Mass. 

Wheeler,  William.  Mem., 

Civil  and  Hydraulic  Engineer,        14  Beacon  street,  Boston,  Mass. 

White,  George  V.,  Mem., 

Resident  Engineer,  Bellows  Falls  Canal  Co.,  Bellows  Falls,  Vt. 
White,  H.\rtley  L.,  Mem., 

White  &  Wetherbee,  Civil  Engineers,  Oifices   179  Summer  street 
and   in    Braintree.  Address,    Braintree,    Mass. 

Whiting.  Russell  H..  Mem.. 
Assistant  with  French  &.  Bryant, 

334  Washington  street,  Brookline,  Mass. 
Whitney,  Frank  O.,  Mem., 

Chief  of  Surveying  Division,  Street  Laying-Out  and  Engineering 
Departments,  25  Old  Court  House,  Boston,  Mass. 

Whitney,  George  E.,  Mem., 

with  Boston  Gas  Light  Co.,  24  West  street,  Boston,  Mass. 
Whitney,  Orville  J.,  Mem., 

Civil  Engineer,  32  Franklin  street,  Medford,  Mass. 
Whitten,  Ernest  P.,  Mem., 

Resident  Engineer,  '"Trafford  City," 
Stewart  Station,  Westmoreland  County,  Pa. 

Whittier,  Charles  C,  Mem., 

Civil  Engineer  with  Robert  W.  Hunt  &  Co., 
1 121  The  Rookery,  Chicago,  III. 
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WiGGiN,  Ernest  W..  Mem., 

Assistant  Bridge  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 
New   Haven,    Conn. 

WiGGiN,  Thomas  H.,  Mem., 

Civil  Engineer,  556  Dean  street,  Brooklyn.  N.  Y. 
Wilkes,  Charles  M.,  Mem., 

Sanitary  Engineer,  1142  The  Rookery,  Chicago,  III. 
Williams^  William  F.,  Mem., 

City  Engineer, 

cor.   Court  and  Orchard  streets.   New   Bedford,   Mass. 
WiNSLOw,  Frederic  I.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

49  City  Hall,  Boston,  Mass. 
Winsor,  Frank  E.,  Mem., 

Engineer,  Charles  River  Basin  Commission, 

367  Boylston  street,  Boston,  Mass. 
Wood,  George  W.,  Mem., 

Civil  Engineer,  422  Richmond  street.  Philadelphia,  Pa. 
Wood,  Henry  B.,  Mem., 

Assistant  Engineer,  Board  of  Harbor  and  Land  Commissioners, 

134  State  House,  Boston,  Mass. 
Wood,  Irving  S.,  Mem., 

Assistant  Engineer  in  charge  of  Water  Department, 

City  Engineer's  Office,  Providence,  R.   I. 
Wood,  Leonard  P.,  Mem., 

with  Charles  River  Basin   Commission, 

367  Boylston  street.  Boston,  Mass. 
WooDFALL,  J.  Leslie,  Mem., 

Civil  and  Sanitary  Engineer,  15  Court  Square,  Boston,  Mass. 
Woodman,  Andrew  W.,  Mem., 

Civil  Engineer  and  Agent,  Roebling  Construction  Co., 

loi   Tremont  street,  Boston,  Mass. 
Woods,  Henry  D.,  Mem., 

Civil  Engineer,  99  Highland  street,  \Vest  Newton,  Mass. 
Woodward,  M.  Grant,  Mem., 

Assistant  Engineer,  Cambridge  Bridge, 

374  Cambridge  street,  Boston,  Mass. 
Worcester,  Joseph  R.,  Mem., 

Civil  Engineer,  53  State  street.  Room  1106,  Boston,  Mass. 
Wright,  John  B.,  Mem., 

Assistant  City  Engineer,  in  charge  of  Sewers  and  Water  Works, 
16  Tudor  street,  Lynn,  Mass. 

Wyman,  Alfred  M.,  Mem., 

Assistant  Engineer,  Rapid  Transit  Commission, 

Address,  192  Roseville  avenue,  Newark,  N.  J. 
Young,  E.  Elbert,  Mem., 

Resident  Engineer,  Hudson  Improvement  Co., 
Foot  of  Fifteenth  street,  Jersey  City,  N.  J. 
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CiTil  Engfineers'  Club  of  Cleveland. 

Allex,  "Walter  'SI.,  Act.  IMem., 
Superintendent,  The  Warner  &  Swasey  Co.,  Cleveland,  Ohio, 

40  Spangler  avenue,  Cleveland,  Ohio. 
Andrews,  Horace  E.,  Act.  Mem., 

President,  The  Cleveland  Electric  Railway  Co., 

620  Electric  Bldg.,  Cleveland,  Ohio. 
Atwood,  Johx  \\ ..  Act.  Jlem., 

Local  ̂ lanager,  Pittsburg  Valve,  Foundry  and  Construction  Co., 
S06  New  England  Bldg.,  Cleveland,  Ohio. 

Baackes,  Michael,  Act.  ]Mem., 

Consulting  Engineer,  712  Willson  avenue,  Cleveland,  Ohio. 
Baldwix.  Hiram  E.,  Act.  Mem., 

Engineer,  Brown  Hoisting  ]\Iachinery  Co., 

.^  .,.,  ,  32  Earle  avenue,   Glenville,   Ohio. 
Ball,  Hermax  F..  Act.  Alem., 

Superintendent  Motive  Power,  Lake  Shore  and  Michigan  South- 
ern Railroad,  701   Genesee  avenue,   Cleveland,   Ohio, 

Balkwill,  Stephex,  Jr.,  Assoc.  ?klem., 

^Mechanical  Engineer,  The  Cleveland  Frog  and  Crossing  Co., 

_  ^  ,  ̂   ,  260  Hough  avenue,  Cleveland,  Ohio. 
Barber,  Clarexce  aL,  Act.  j\Iem., 

Constructing  Engineer,  Solvaj'^  Process  Co., 
122  North  Tenth  street,  Lebanon,   Pa. 

Bardoxs^  George  C,  Act.  ]\Iem., 
Bardons  &  Oliver,  Tool  Manufacturers, 

_  -r  .        , ,  20  Water  street,  Cleveland,  Ohio. 
Barxett,  James,  Act.  Mem., 

President,  The  First  National  Bank,  President,  Geo.  Worthington 

Co.,  697  Euclid  avenue,  Cleveland,  Ohio. 
Barxum,  Fraxk  S.,  Act.  Mem., 

Architect.  F.  S.  Barnum  &  Co.,  Rose  Bldg,  Cleveland,  Ohio. 
Barrex,  Hexry  a..  Act.  Mem., 

Superintendent.  Newburg  Steel  Works,  American  Steel  and  Wire 
Co.,  201  Miles  avenue,  Cleveland,  Ohio. 

Bartlett,  Chas.  O.,  Act.  Mem., 

President  and  Treasurer,  C.  O.  Bartlett  &  Snow  Co., 

_  ^  .        , ,  124  Mapledale  avenue,  Cleveland,  Ohio. 
Bartol,  George,  Act.  ]\Iem., 

General  Manager,  The  Otis  Steel  Co.,  Ltd.,  Cleveland,  Ohio. 

Beardsley,  Joseph  C,  Act.  Mem., 

Assistant   Engineer,   Water  Works   Division   Department    Public 

Service,  354  Superior  street,  Cleveland,  Ohio. 
Bexjamix,  Charles  H.,  Act.  Mem., 

Professor,  Mechanical  Engineering  Case  School  of  Applied  Sci- 
ence, 89  Adelbert  street,  Cleveland,  Ohio. 

Bever,  Johx  J.,  Act.  Mem., 

Superintendent  Foundry,  Otis  Steel  Co.,  Ltd., 
120  Scott  street,  Cleveland,  Ohio. 

Bidle,  William  S.,  Act.  Mem., 

Mechanical  Engineer,  Manager,  Turnbuckle  Department  Cleveland 

City  Forge  and  Iron  Co., 
257  Amesbury  avenue,  Cleveland,  Ohio. 
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BissELL,  Frank  E.,  Act.  Mem., 

First    Assistant    Engineer,    Lake    Shore    and    Michigan    Soulliern 
Railroad, 

Lake  Shore  and  Michigan  Southern  Raih-oad  Bldg.,  Cleveland,  Ohio. 
Blunt,  William  T.,  Cor.  Mem., 

United  States  Assistant  Engineer,  Toledo,  Ohio. 
BoALT,  Eugene  E.,  Act.  Mem., 

■  City  Engineer,  Glenville,  Ohio,  City  Hall,  Glenville,  Ohio. 
Bone,  W.  H.,  Cor.  Mem., 

Vice-President  and  General  Manager,  The  Ironsides  Co., 
85   North   Ohio   avenue,   Columbus,    Ohio. 

Bowler,  Nodiah  P.,  Act.  Mem., 

Foundryman,  Bowler  &  Co.,       14  Winter  street,  Cleveland,  Ohio. 

Bowler,  George  H.,' Assoc.  Mem., 
Dealer  in  Machinery,       507  Williamson  Bldg.,   Cleveland,   Ohio. 

Bright,  Fred  E.,  Cor.  Mem., 

Vice-President   and   Consulting   Engineer,    Cleveland    Cap    Screw- 
Co.,  1814  Spring  Garden  street,  Philadelphia,   Pa. 

Brown,  Alexander  E.,  Act.  Mem., 

Vice-President  and  General  Manager,  The  Brown  Hoisting  Ma- 
chinery  Co.,  1 151    Prospect   street,    Cleveland,    Ohio. 

Brown,  Fayette,  Act.  Mem., 

President,  The  Brown  Hoisting  Machinery  Co., 

Perry-Payne  Bldg.,  Cleveland,  Ohio. 
Brown,  T.  Morris,  Act.  Mem., 

Electrical  Engineer,  Brown  Hoisting  Machinery  Co., 

583  Sibley  street,  Cleveland,  Ohio. 
Brown,  Wendell  P.,  Act.  Mem., 

Engineer,  The  King  Bridge  Co., 

314  Hough  avenue,  Cleveland,  Ohio. 
Burns,  William  H.,  Act.  Mem., 

with  M.  F.  Bramley,   Contractors, 

97  Carroll  street,   Cleveland,   Ohio. 
BuscHMAN,  Louis  J.,  Act.  Mem., 

Purchasing  Agent,  The  Reserve  Press  Co., 

83  Lake  street,  Cleveland,  Ohio. 
Cad  well,  Charles  A.,  Act.  Mem.,  .^     ,.  ,     ,  ^,       ,      ,    ̂ ,  . 

74  Euclid  place,   Cleveland,   Ohio. 
Carpenter,  Alfonso  H.,  Act.  Mem., 

Vice-President,  Acme  Machinery  Company, 
128  Olive  street,  Cleveland,  Ohio. 

Carter,  Wm.  J.,  Act.  Mem., 

City  Engineer,  Cleveland,  City  Hall,  Cleveland,  Ohio. 
Chapin,  Loomis  E.,  Act.  Mem., 

Consulting  Engineer,  Canton,  Ohio. 
Chisholm,  William,   Sr.,  Act.  Mem., 

Proprietor^  Chisholm  Steel   Shovel  Works, 

364  Case  avenue,  Cleveland,  Ohio. 
Chisholm,  William,  Act.  JNIem.,  „     ,. ,  „,      ,      ,    ̂ ,  . 

779  Euclid  avenue,   Cleveland,  Ohio. 
Clark,  William  C,  Act.  Mem., 

Mechanical  Engineer,  55  Wooldridge  avenue,  Cleveland,  Ohio. 

Clegg,  Robert  L,  Act.  Mem., 
Machinery  Editor,  Iron  Trade  Review, 

1064  Rose  Bldg.,  Cleveland,  Ohio. 
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Cobb,  Phillip  L.,  Act.  ̂ lem., 

Civil  Engineer,  2509  Euclid  avenue,  Cleveland,  Ohio. 
CoFFix,  John  N.,  Act.  ̂ Mem., 

Mechanical  Engineer,  312  Perr3--Payne  Bldg.,  Cleveland,  Ohio. 

CoLEGRo\'E,  Charles  E.,  Act.  Mem., 
General   Superintendent,  The  Cleveland  Cap   Screw   Co., 

104  Knowles  street,  East  Cleveland,  Ohio. 

CoMSTOCK,  Charles  W.,  Act.  Mem., 

Purchasing  Agent,  Wellman-Seaver-^Morgan  Co., 
Central  and  Gidding,  Cleveland,  Ohio. 

Cooke,  Edward  C,  Act.  INIem., 

Civil   Engineer  in  charge  Construction  Kirtland   Street  Pumping 
Station,  Water  Works  Division,  Cleveland,  Ohio, 

_  _„,,,.  44  Hough  place,  Cleveland,  Ohio. 
CoRLETT,  JOHN  F.,  Assoc.  ̂ Nlem,, 

Iron  and  Steel  Commission,  J.  F.  Corlett  &  Co., 

409  Perry-Payne  Bldg.,  Cleveland,  Ohio. 
CoNAT-ES,  William  B.,  Act.  Mem., 

W.  B.  Cowles  &  Co.,  The  Long  Arm  System  Co., 

Lake  and  Wason  streets,  Cleveland,  Ohio. 
CowLES,  Walter  L.,  Cor.  ̂ lem., 

Secretary  and  Manager,  D.  F.  Holman  Railway  Tracklayer  Co., 
140  Dearborn  street.  Room  146,  Chicago,  111. 

Cox,  Jacob  D.,  Jr.,  Act.  ]slem., 
Proprietor.   Cleveland   Twist  Drill   Co., 

Lake  and  Kirtland  streets,  Cleveland,  Ohio. 

Cromwell,  John  C,  Act.  Mem., 

Mechanical  Engineer,  The  Garrett-Cromwell   Engineering  Co., 
_  1401    Euclid  avenue,   Chicago,   111. 
Daerr,  William  F.,  Act.  i\Iem., 

Employed  in  City  Engineer's  Office,  Cleveland, 
47  Phelps  street,  Cleveland,  Ohio. 

Dailey,  Charles  I.,  Act.  Mem., 

Contracting  Engineer,  National  Steel  and  Wire  Corporation, 
_  New  Haven,   Conn. 
Davies,  Daniel  R.,  Act.  Mem., 

Secretary  and  Treasurer,  Acme  Machinery  Co., 

250  Princeton  street,  Cleveland,  Ohio. 
Davis,  Charles  H.,  Act.  Mem., 

Consulting  Engineer,  25  Broad  street.  New  York,  N.  Y. 

Dercum,  Otto,  Act.  Mem.,  tt  1,    r-i      1     a    r^u- City  Hall,  Cleveland,  Ohio. 
DeForest,  Albert  T.,  Act.  Mem., 

Manager,  American  Steel  and  Wire  Co.,  San  Francisco,  Cal. 
Dunham,  H.  F.,  Cor.  Mem., 

Consulting  Engineer,  220  Broadway,  New  York,  N.  Y. 
DuTTON,    Charles    F.,    Jr.,    Act.    Mem., 

Science  Instructor,  West  High  School, 
64  West  Roy  avenue,  Cleveland,  Ohio. 

EsTEP,  JosiAH  M.,  Act.  IMem., 

Assistant  Engineer,  Department  of  Public  Service, 
51  Bell  avenue,  Cleveland,  Ohio. 

Evans,  Peter  Paul,  Act.  Mem., 

Contracting  Engineer,  The  Osborn  Engineering  Co., 
Osborn  Bldg.,  Cleveland,  Ohio. 
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EvERS,  William  H.,  Act.  Mem., 

County  Surveyor,  Lakcwood,  Ohio. 
Fairfield,  Howard  P.,  Cor.  Mem., 

Head  Instructor  in  Machine  Work,  Worcester  Polytechnic  Insti- 
tute, Worcester,  Mass. 

Falding,  Frederic  J.,  Cor.  Mem., 

Consulting  Chemical   Engineer, 

52  Broadway,  New  York,  N.  Y. 
Faragher,  Burton  P.,  Act.  Mem., 

Secretary  and  Treasurer,  Cuyahoga  Contracting  Co., 

1059  Rose  Bldg.,  Cleveland,  Ohio. 
Fleming,  Frederick  A.,  Act.  Mem., 

94  Courtland  street,   Cleveland,  Ohio. 
Force,  Cyrus  G.,  Jr.,  Cor.  Mem., 

Consulting  Civil  Engineer,  Succasuma,  Morris  County,  N.  J. 

Fox,  John  H.,  Act.  Mem., 

Engineer,  Brown  Hoisting  Machinery  Co., 

100  Hough  avenue,  Cleveland,  Ohio. 
Fuller,  Harry,  Act.  Mem., 

Engineer,  King  Bridge  Co.,         Genesee  avenue,  Cleveland,  Ohio. 
Gaehr,  David,  Act.  Mem., 

Engineer,  Bowler  Foundry  Co., 

683  Gordon  avenue,  Cleveland,  Ohio. 
Galvin,  Archie  J.,  Act.  Mem., 

Assistant  Engineer,   Department  of  Public   Service, 
114  Edgewater  street,   Cleveland,   Ohio. 

Gayer,  William  C,  Act.  Mem., 

Contracting  Engineer,  23  Wade  Bldg.,  Cleveland,  Ohio. 
GiBBS,  Harley  B.,  Act.  Mem., 

Treasurer,  The  King  Bridge  Co., 

King  Bridge  County,  Cleveland,  Ohio. 
Gobeille,  Joseph  L.,  Act.  Mem., 

President,  The  Gobeille  Pattern  Co., 

Leonard  and  Winter,  Cleveland,  Ohio. 
GoFFiNG,  Charles,  Act.  Mem., 

Assistant  Engineer,   in  charge  Construction  and  Repairs,  Water 

Works  DivisioQ,  354  Superior  street,  Cleveland,  Ohio. 
Golden,  Walter  L.,  Act.  Mem., 

with  Osborn  Engineering  Co.,        Osborn  Bldg.,  Cleveland,  Ohio. 

Gosling,  Henry  J.,  Act.  Mem., 

Mechanical  Engineer,  15  Talbot  street,  Cleveland,  Ohio. 
Green,  Bernard  L.,  Act.  Mem., 

Secretary,  The  Osborn  Engineering  Co., 

Osborn  Bldg.,  Cleveland,  Ohio. 
Greene,  Stanley  R.,  Act.  Mem., 

Superintendent  of  Erection,  The  Brown  Hoisting  Machinery  Co., 

"The  Olivett,"   Cleveland,   Ohio. 
Handy,  Edward  A.,  Act.  ]\Iem., 

Chief  Engineer,  L.  S.  &  M.  S.  R.  R., 

L.  S.  &  M:  S.  R.  R.  Bldg.,  Cleveland,  Ohio. 

Hanford,  George  S.,  Assoc.  Mem., 
Representing  Pittsburg  Engineering  Co., 

1328  Williamson  Bldg.,  Cleveland,  Ohio. 
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Haxlox.  William  B.,  Act.  ]\Iem., 

District  Engineer,  Cleveland  Division  B.  &  O.  R.  R., 

B.  &  O.  Passenger  Depot,  Cleveland,  Ohio. 
Hart.  Emmett  E.,  Act.  Mem., 

Chief  Engineer,  New  York,  Chicago  and  St.  Louis  Railway, 
271  Murray  Hill  avenue,   Cleveland,  Ohio. 

Hawkixs,  David  S.,  Act.  JNIem., 

Mechanical  Engineer,  Westinghouse  Electric  and  Manufacturing 
Co.,  840  Franklin  avenue,  Cleveland,  Ohio. 

Hexderes,  Wm.  O.,  Act.  Mem., 

Vice-President,  The  Osborn  Engineering  Co., 
Osborn  Bldg.,  Cleveland,  Ohio. 

Hermax,  Ludwig.  Act.  Mem.. 

Consulting  Engineer  and  Expert, 

1024  Cedar  avenue,  Cleveland,  Ohio. 
Hixchmax.  Chas.  R.,  Act.  ̂ lem., 

Engineer,  Newburg  Steel  Works,  American  Steel  and  Wire  Co., 
Broadway  and  Jones  avenue,  Cleveland,  Ohio. 

HoEBS.  Perry  L.,  Act.  Mem., 

Professor  of -Chemistry,  Western  Reserve  Medical  College, 
Cleveland,   Ohio. 

HoiT,  Lehmax  B.,  Assoc.  }ilem.. 

Consulting  Engineer,  Hoit  Engineering  Co., 

803  New  England  Bldg.,  Cleveland,  Ohio. 
HoFFsiAX,  Robert,  Act.  Mem., 

Assistant  Engineer,  City  Engineer's  Division  Department  Public 
Service,  City  Hall,   Cleveland,  Ohio. 

HoxsBERG,  August  A.,  Act.  Mem., 

Draughtsman,  Water  Works  Division  Department  Public  Service, 

118  City  Hall,  Cleveland,  Ohio. 
HopKiNSON,   Ch.\rles  W.,   Act.   Mem., 

Architect,  900  Rose  Bldg.,  Cleveland,  Ohio. 
Horner,  Edward,  Act.  Mem., 

Assistant  Engineer  Sewers,  City  Engineer's  Division  Department 
Public   Service,  115  Amesbury  avenue,   Cleveland,   Ohio. 

Howe,  Charles  S.,  Act.  Mem., 

Case  School  of  Applied  Science,  Cleveland,  Ohio. 
Hyde,  A.  Lincoln,  Cor.  Mem., 

Columbia,  Mo. 
Hyxd.  Alexander,  Act.  Mem., 

Chief  Engineer,  Great  Lakes  Register, 

94  Courtland  street,  Cleveland,  Ohio. 
Jacksox,  Ernest  S.,  Jr.,  Act.  Mem., 

with  The  Osborn  Engineering  Co., 

584  West  Madison  avenue,  Cleveland,  Ohio. 
Johnston,  Albert  W.,  Act.  Mem._. 

General  Superintendent,  New  York,  Chicago  and  St.  Louis  Rail- 
way Co.,  424  Hickox  Bldg.,  Cleveland,  Ohio. 

Jones,  Harry  Ross,  Assoc.  Mem., 
32  The  Plaza,  Cleveland,  Ohio. 

Jones^  Wyxdham  C,  Act.  Mem., 
President  The  Standard  Contracting  Co.  and  President  The  W.  A. 

McGillis  Dredging  Co.,        35  Wade  Bldg.,  Cleveland,  Ohio. 
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JuDSON,  Charles  A.,  Cor.  Mem., 
Secretary  and  Treasurer,  Erie  County  Investment  Co., 

232  Columbia  avenue,  Sandusky,  Ohio. 
King,  James  A.,  Act.  Mem., 

President,  Tlie  King  Bridge  Co., 

1325  Euclid  avenue,  Cleveland,  Ohio. 
Kingman,  Dan  C,  Act.  Mem., 

United  States  Engineer  Office,  516  Caxton  Bldg.,  Cleveland,  Ohio. 
KiNGSLEY,  Marvin  W.,  Act.  Mem., 

1022  Rose  Bldg.,  Cleveland,  Ohio. 
KoHLMETZ,  George  W.,  Assoc.  Mem., 

with   Cleveland  Twist  Drill  Co., 

99  Lawnview  avenue,  Cleveland,  Ohio. 
Lander,  Frank  R.,  Act.  Mem.^ 

County  Draughtsman,  321  Marcy  avenue,  Cleveland,  Ohio. 
Langley,  John  W.,  Act.  Mem., 

Professor  Electrical  Engineering,  Case  School  of  Applied  Science, 

Cleveland,  Ohio. 
Larned,  Joshua  B.,  Act.  Mem., 

Civil  Engineer,  The  King  Bridge  Co., 

13  Isham  court,  Cleveland,  Ohio. 
Lane,  Edwin  G.,  Cor.  Mem., 

Assistant  Division  Engineer,  B.  &  O.  R.  R.,  Cumberland,  Md. 

LeBaron^  John  F.,  Cor.  Mem., 

Consulting   Engineer,  R.    F.    D.,   No.    i,   Chardon,   Ohio. 
Leigh,  Word,  Act.  Mem., 

Structural   Draughtsman,   Brown   Hoisting   Machinery   Co., 

"The  Croxden,"  Cleveland,  Ohio. 
Lewis,  Charles  F.,  Act.  Mem., 

Civil  and  Consulting  Engineer,  260  Euclid  avenue,  Cleveland,  Ohio. 
Lewis,  Ransome  T.,  Cor.  Mem., 

Manager,   Elmira   Plant,  Empire  Bridge   Co., 

114  Caldwell  avenue,  Elmira,  N.  Y. 
Lindenthal,  Gustav,  Cor.  Mem., 

Consulting  Engineer,  45  Cedar  street.  New  York,  N.  Y. 
Line,  Francis,  Assoc.  Mem., 

Manager,  The  Keasbey  &  Mattison  Co., 

117  Water  street,  Cleveland,  Ohio. 
Lucas,  George  C,  Act.  M_em., 

General  Manager,  The  Cleveland  Frog  and  Crossing  Co., 
Bessemer  avenue,  Cleveland,  Ohio. 

Lucas,  Henry  M.,  Act.  Mem., 
The  Lucas  Machine  Tool  Co., 

Robinson  avenue,  and  Lake  Shore  and  Michigan  Southern  Railroad, 
Glenville,  Ohio. 

Marble,  Henry  D.,  Assoc.  Mem., 

Secretary  and  Treasurer,  The  Hutson  Coal  Co., 

405  Bolton  avenue,  Cleveland,  Ohio. 
McGeorge,  John,  Act.  Mem., 

Engineer,   The  Wellman-Seaver-Morgan   Co., 
1404   New   England    Bldg.,    Cleveland,   Ohio. 

McIntyre,  James,  Act.  Mem., 

Master   Carpenter,   Mahoning  Division   Erie   Railway, 

136  Sawtelle  avenue,  Cleveland,   Ohio. 
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McKee,  Arthur  G.,  Act.  Mem., 

District  Engineer,  American  Steel  and  Wire  Co., 

Western  Reserve  Bldg.,  Cleveland,   Ohio. 
^McMuRRAV.  ]\Iax.  Act.  iMem., 

General   Superintendent,   Newburg   Steel   Works,   American   Steel 

and  Wire,  1424  Euclid  avenue,  Cleveland,  Ohio. 
Mertexs,  Hexry  E.,  Act.  Mem., 

Engineer.  The  Osborn   Engineering  Co., 

Si  I   Superior  street,  Cleveland,  Ohio. 
Metcalf,  Frederick.  Act.  ]Mem., 

Treasurer,   The   Chase  ̂ Machine   Co., 

Ill  Elm  street,  Cleveland,  Ohio. 
Meyer.  Erxest  C,  Act.  Mem., 

^lechanical  Engineer,  The  Cleveland  Pneumatic  Tool  Co., 

173  Cedar  avenue,  Cleveland,  Ohio. 
!MiCHELSox,  Albert  A.,  Hon.  ̂ Mem., 

Head  Professor  of  Physics,  LTniversity  of  Chicago,      Chicago,  111. 
Miller,  Daytox  C,  Act.  ]Mem., 

Professor  of  Physics,  Case  School  of  Applied  Science, 

Cleveland,  Ohio. 
Miller.  Walter,  Act.  Mem., 

Consulting  Engineer,       312   Perry-Payne  Bldg.,  Cleveland,  Ohio. 
Mills,  James  P.,  Act.  Mem., 

Draughtsman   with  Kaltenl)ach  &  Griess, 
40  Lockwood  avenue,  Cleveland,   Ohio. 

Mitchell.  Adelbert  E.,  Cor.  ]Mem., 

Superintendent  ^Motive  Power,  Northern  Pacific  Railroad, 

Hotel  Aberdeen,  St.  Paul,  Minn. 
Mordecai.  Augustus.  Act.  Mem., 

Assistant  Chief  Engineer,  Erie  Railroad  Co., 

830  Garfield  Bldg.,  Cleveland,  Ohio. 
Moore,  James  E.,  Act.  ?ilem., 

with    Wellman-Seaver-^Iorgan    Co., 
1400  New  England  Bldg.,  Cleveland,  Ohio. 

MoRLEY,  Edward  W.,  Hon.  Mem., 

Professor  of  Chemistr}-,  Adelbert  College, 

"The  Everlyne,"  Cleveland,  Ohio. 
Morley,  Nelson  W.,  Act.  ?^Iem., 

Engineer  with  American  Steel  and  Wire  Co.,      Willoughby,  Ohio. 
MoRRisox,  Hunter,  Act.  Mem., 

Salesman,   International  Steam  Pump  Co., 

II  South  Water  street,  Cleveland,  Ohio. 
Morse,  Benjamin  F.,  Act.  Mem.. 

Civil  Engineer  and  Architect, 

729  Giddings  avenue,  Cleveland,  Ohio. 
Neville,  Everett  J.,  Act.  ]\Iem.. 

Superintendent,  C.  O.  Bartlett  &  Snow  Co., 

750  Republic  street,  Cleveland,  Ohio. 
Neff,  Frank  H.,  Act.  Mem., 

Professor  Civil  Engineering.  Case  School  of  Applied  Science, 
860  Doan  .street,  Cleveland,  Ohio. 

Nelles,  George  T.,  Act.  J^Iem., 
United  States  Assistant  Engineer, 

516  Caxton  Bldg..  Cleveland,  Ohio. 
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Nelson^  Harry  S.,  Act.  ]\Iem., 
Architect;,  Member  firm  of  F.  S.  Barnum  &  Co., 

66i   Rose  Bldg.,  Cleveland,  Ohio. 
Ney^  Robert  W.,  Act.  Mem., 

Assistant  Manager,  American  Steel  and  Wire  Co., 

143  Crawford  road,  Cleveland,  Ohio. 
Oldham,  Joseph  R.,  Act.  Mem., 

Naval  Architect  and  Marine  Engineer, 

_  „  27  Marcy  avenue,  Cleveland,  Ohio. 
Oliver,  John  G.,  Act.  Mem., 

Partner,  Bardons  &  Oliver,  Tool  Manufacturers, 

^  20  Water  street,  Cleveland,  Ohio. 
Orr,  Chas.,  Assoc.  Mem., 

Librarian,   Case  Library,  Caxton  Bldg..   Cleveland,  Ohio. 
Osborn,  Frank  C,  Act.  Mem., 

President,   The  Osborn  Engineering  Co., 

_  Osborn  Bldg.,  Cleveland,  Ohio. 
Paine,  Charles  M.,  Hon.  Mem., 

Consulting  Civil  Engineer,  Tenafly,  N.  J. 
Palmer,  Charles  O.,  Act.  Mem., 

Mechanical  Engineer,  32  Cedar  avenue,   Cleveland,  Ohio. 
Parmley,  Walter  C,  Act.  ]\Iem., 

Assistant  Engineer  Sewers,  City  Engineer's  Division  Department 
Public   Service,  19  Burt  street,   Cleveland,   Ohio. 

Paul,  Hosea,  Act.  Mem., 

Chief  Engineer,  Akron  and  Barberton  Belt  Railroad. 

_  .^         .       .        -,.  Wilcox  Bldg.,  Akron,  Ohio. 
Pease,  Fred  A.,  Act.  Mem., 

Deputy  County  Surveyor, 

9  Lake  View  avenue,   Cleveland,   Ohio. 
Petterson,  a.  Hugo,  Cor.  Mem., 

Box  No.  292,  Mt.  Vernon,  Ohio. 
Phelps,  Gurley  S.,  Act.  Mem., 

In  United  States  Engineer's  Office, 
.^  ^  ^  174  Bell  avenue,  Cleveland,  Ohio. 
PiERSON,  Isaac  K.,  Act.  Mem., 

Civil  and  Consulting  Engineer, 

416  Cuyahoga  Bldg.,  Cleveland,  Ohio. 
Porter,  Albert  H.,  Act.  Mem., 

Civil  Engineer,  403  Osborn  Bldg.,   Cleveland,   Ohio. 
Pratt,  Frederick  K.,  Act.  Mem., 

Assistant  Engineer,  Wheeling  and  Lake  Erie  Railroad, 

446  East  Pikes  Peak  avenue,  Colorado  Springs,  Col. 
Prentiss,  Francis  F.,  Act.  Mem., 

Manufacturer^  Cleveland  Twist  Drill  Co., 
606  Euclid  avenue,   Cleveland,  Ohio. 

Rawson,  Marius  E.,  Act.  Mem., 

Civil  and   Consulting  Engineer, 

Suite  32,  1527  Euclid  avenue,  Cleveland,  Ohio. 
Raynal,  Alfred  H.,  Act.  Mem., 

Mechanical  Engineer, 

1626  Riggs  place,  N.  W.,  Washington,  D.  C. 
Ray,  W.  Morrison,  Act.  Mem., 

Assistant  Engineer,  Cleveland  Division  B.  &  O.  R.  R., 

649  Jennings  avenue,  Cleveland,  Ohio. 
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Reed.  "\\^illiam  E.,  Act.  Mem., 
Secretary,  The  .Warner  &  Swasey  Co., 

786  Genesee  avenue,  Cleveland,  Ohio. 
Rice.  Joseph  H.,  Cor.  ̂ Mem., 

Transitman,  L.  S.  &  M.  S.  R.  R.,  Mt.  Pleasant,  Mich. 

Rice,  \A'alter  P.,  Act.  Alem.. 
Civil  and  Consulting  Engineer,  The  Walter  P.  Rice  Co., 

729  Society  for  Savings  Bldg.,  Cleveland,  Ohio. 
Richards,  \ATxdsor  E.,  Act.  Mem., 

Draughtsman,  Water  Works  Division  Department  Public  Service, 

354  Superior  street,  Cleveland,  Ohio. 
RiCH.\RDS,  Franxis  H..  Cor.  ̂ lem.. 

Proprietor,   Engineering  and   Patent   Offices,   Mechanical  Labora- 
tories. 9-15  Murray  street,  New  York,  N.  Y. 

Rider,  George  S.,  Act.  Mem., 

Consulting  Engineer,  Geo.  S.  Rider  &  Co., 

606  Century  Bldg.,   Cleveland,  Ohio. 
Ritchie.  James,  Act.  Mem., 

Civil  and  Consulting  Engineer,  Ritchie  &  Ruple, 

413  Chamber  of  Commerce,  Cleveland,  Ohio. 
Roof,  Samuel  E.,  Act.  Mem., 

Draughtsman,  Water  Works  Division  Department  Public  Service, 

746  Franklin  avenue,  Cleveland,  Ohio. 
Rote.  Robert  O..  Act.  }ilem.. 

Second  Assistant  Engineer,  L.   S.  &  M.   S.  R.  R., 

.^  ^       ,,.     .        ,,  344  Russell  avenue.  Cleveland,  Ohio. 
Rom-EL.  Geo.  W.,  Act.  Mem., 

Constructing   Engineer   with   Wellman-Seaver-Morgan   Co., 
_  _  .        ,r  2170  Euclid  avenue,  Cleveland,  Ohio. 
Rust.  Luciax,  Act.  -Mem., 

Resident  Engineer^  L.  S.  &  M.  S.  R.  R.,  Cleveland,  Ohio. 
S.A.UXDERS,  George  C,  Cor.  Mem., 

Manager,  Philadelphia  Office,  Osborn  Engineering  Co., 

5267  Jefferson   street,    Philadelphia,    Pa. 
St.  Johx,  Edward  ]\I.,  Cor.  Mem., 

Structural  Engineer,  213  Fisk  street,  Pittsburg,  Pa. 

Sawtelle,  Capt.  Ed.  M.,  Cor.  Mem., 

Electrical    Engineer,    British    Westinghouse   Electric   and    Manu- 
facturing Co., 

Westinghouse  Bldg.,  Norfolk  street,  Strand,  London,  England. 
Schmitt,  John  George,  Act.  Mem., 

Superintendent  of  Streets,  Cleveland  Gas  Light  and  Coke  Co., 

„  ^  ^      .  , ,  356  Superior  street,  Cleveland,  Ohio. 
ScHXELL^  Louis  C.  Assoc.  Mem., 

Junior  United  States  Engineer,   Cleveland  Harbor, 

958  Cedar  avenue,  Cleveland,  Ohio. 
Schowalter,  Otto  F.,  Act.  Mem., 

with  Variety  Iron  Works  Co.,  196  Marcy  avenue,  Cleveland,  Ohio. 
ScHULz,  Charles  F.,  Act.  Mem., 

First  Assistant  Engineer,  Water  Works  Division  Department  of 

Public  Service,  354  Superior  street,  Cleveland,  Ohio. 
ScAMAx,  Harold  H..  Act.  Mem., 

with  The  Electric  Storage  Co., 

1220    Citizens    Bldg.,    Cleveland,    Ohio. 
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Searles^  William  H.,  Cor.  J^Iem., 

Consulting  Engineer,  ,  Elyria,   Ohio. 
Seaver,  John  Wright,  Act.  Mem., 

Vice-President,   Wellman-Seaver-Morgan   Engineering   Co., 
1404  New  England  Bldg.,  Cleveland,  Ohio. 

Skeels,  Arthur  A.,  Act.  Mem., 

Instructor  in  Physics,  West  High  School, 

165  Courtland  street,  Cleveland,  Ohio. 
Smith,  Howard  W.,  Cor.  Mem., 

Mechanical   Engineer,   Standard   Engineering  Co., 
Ellwood   City,   Pa. 

Smith,  James  A.,  Assoc.  Mem., 
Contractor,  The  L.  P.  and  J.  A.  Smith  Co., 

1630  Williamson   Bldg.,   Cleveland,   Ohio. 
Smith,  James  J.,  Assoc.  Mem., 

Sanitary  and  Heating  Engineer,   Smith  &  Orby  Co., 

404  Erie  street,  Cleveland,  Ohio. 
Smith,  Jared  A.,  Hon.  Mem., 

Brigadier-General  United  States  Army,  Retired, 
260  Euclid  avenue,  Cleveland,  Ohio. 

Smith,  William  H.,  Act.  Mem., 

Chief  Draughtsman,  Structural  Department  Brown  Hoisting  Ma- 
chinery Co.,  32  Lowrie  avenue,   Glenville,  Ohio. 

Smythe,  Frank  A.,  Act.   Mem., 

President,  The  Thew  Automatic  Shovel  Co.,  Lorain,  Ohio. 

Spencer,  John  C,  Act.  Mem., 
"The  Dunham,"  Cleveland,  Ohio. 

Spindlar,  Max  H.,  Act.  Mem., 

with  The  Osborn  Engineering  Co.,  Osborn  Bldg.,  Cleveland,  Ohio. 
Stamp,  Chas.  E.,  Act.  Mem., 

Manager,  Chas.  E.  Stamp  &  Co., 

977  Prospect  street,  Cleveland,  Ohio. 
Stinchcomb,  William  A.,  Act.  Mem., 

Chief    Engineer    of    Parks    and    Boulevards,    Department    Public 

Service,  1987  Dennison  avenue,  Cleveland,  Ohio. 
Stockwell,  John  N.,  Hon.  Mem., 

Astronomer,  1008  Case  avenue,   Cleveland,   Ohio. 

Stouffer,  Leslie  B.,  Assoc.  Mem., 
with  The  Warner  &  Swasey  Co., 

581  Norwood  avenue,  Cleveland,  Ohio. 
Strong,  Charles  H.,  Act.  Mem., 

Civil  and  Contracting  Engineer, 

622  Cuyahoga  Bldg.,  Cleveland,  Ohio. 
Sv/ASEY,  Ambrose,  Act.  Mem., 

Vice-President  and  Treasurer,  The  Warner  &  Swasey  Co., 
1728  Euclid  avenue,  Cleveland,  Ohio. 

Thomas,  Harry  L.,  Act.  Mem., 

Inspector  on  Intercepting   Sewers,   City  Engineer's  Division   De- 
partment of  Public  Service, 

900  Fairmount  street,  Cleveland,  Ohio. 

Thompson,  Henry  C,  Act.  Mem., 

Civil  Engineer,  20  Brenton  street,  Cleveland,  Ohio. 
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Thurstox,  Edwin  L.,  Assoc.  Mem., 

Patent  Attorney,  Thurston  &  Bates, 

1028  Societ}^  for  Savings  BIdg.,  Cleveland,  Ohio. 
Treat,  Francis  H.,  Cor.  Mem., 

Consulting   Mechanical    Engineer, 

1206  Empire  Bldg.,  Pittsburg,  Pa. 
Van  Dorn,  Thomas  B.,  Act.  INIem., 

Engineer  and  Vice-President,  The  Van  Dorn  Iron  Works  Co., 
,T  T  T^      ,        -,r  Cleveland,  Ohio. 
VARNEY,  Joshua  D.,  Act.  ]\Iem., 

Civil  Engineer  and   Surveyor, 

53  Public  square,  Cleveland,  Ohio. 
Waitt,  Arthur  M.,  Cor.  Mem., 

Superintendent,    Motive    Power    and    Rolling    Stock    New    York 
Central  and  Hudson  River, 

3  Phillipse  place,  Yonkers,  N.  Y. 
Wallace.  James  C,  Act.  ̂ Mem., 

General  ̂ lanager.  The  American  Shipbuilding  Co., 
120  Viaduct,  Cleveland,  Ohio. 

Ward,  J.  C,  Cor.  Mem., 
Pamesville,  Ohio. 

Warner,  Worcester  R.,  Act.  [Nlem., 

President,  The  Warner  &  Swasey  Co., 

1722  Euclid  avenue,  Cleveland,  Ohio. 
Watsox,  Ch.'MILes  D.,  Cor.  ]\Iem., 

Chief  Engineer,  Roman  Stone  Co.,  Toronto,   Can. 
Watson,  Wilbur  J.,  Act.  Mem.. 

Bridge  Engineer.  The  Osborn  Engineering  Co., 

509  Osborn  Bldg.,  Cleveland,  Ohio. 
Weaning.  Lawrence  D.,  Act.  Mem., 

Chief  Engine^,  The  Variety  Iron  Works  Co., 
226  Commonwealth,  Cleveland,  Ohio. 

Webster,  Charles  E.,  Cor.  Mem., 

Consulting   Engineer.    Buffalo    and    Susquehanna   Railroad, 

960  Ellicott  square,  Buffalo,  N.  Y. 
Webster,  Harold  C,  Act.  Mem., 

with  Variety  Iron  Works  Co.. 

53  Dorchester  avenue,  Cleveland,  Ohio. 
Wellman,  Charles  H.,  Act.  Mem., 

General  Manager,  Wellman-Seaver-Morgan  Co., 
New  England  Bldg.,  Cleveland,  Ohio. 

Wellman,  Samuel  T..  Act.  Mem., 

President.  The  Wellman-Seaver-Morgan  Co., 
New  England  Bldg.,  Cleveland,  Ohio. 

West,  Thomas  D.,  Cor.  Mem., 

General  Manager,  Thos.  D.  West  Foundry  Co.,      Sharpsville,  Pa. 
White,  Windsor  T.,  Act.  Mem., 

Vice-President,  The  White  Sewing  Machine  Co., 
^  .„  , ,  300  Rose   Bldg.,   Cleveland,   Ohio. 

Wight,  Elmer  B.,  Act.  Mem., 

Civil  and  Landscape  Engineer,  Rettig  &  Wight, 

919  Rose  Bldg.,   Cleveland,   Ohio. 
WiLLARD,  Joseph  W.,  Assoc.  Mem., 

Retired  General  Manager,  Hercules  Powder  Co., 

1339  Willson  avenue,  Cleveland,  Ohio. 
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Williamson,  Chas.  S.,  Act.  Mem., 

with  The  Brown  Hoisting  Machinery  Co., 

39  Olive  street,  Cleveland,  Ohio. 
Wilson,  John  M.,  Hon.  Mem., 

Brigadier-General,  Chief  of  Engineers,  United  States  Army,  Re- 
tired, 1773  Massachusetts  avenue,  Washington,  D.  C. 

Wilson,  Frank  W.,  Cor.  Mem., 

Civil  Engineer,  24  Victoria  street,  London,  S.  W.,  England. 
WiNTON,  Alexander,  Act.  Mem., 

President,  The  Winton  Motor  Carriage  Co., 

Lake  avenue,  Cleveland,  Ohio. 
WoLVERTON,  Irving  M.,  Act.  Mem., 

Chief  Engineer,  Mt.  Vernon  Bridge  Works,        Mt.  Vernon,  Ohio. 

Wood,  James,  Assoc.  Mem., 
Contractor,  163  Bolton  avenue,  Cleveland,  Ohio. 

Wood,  Thomas,  Assoc.  Mem., 
Contractor,  898  Case  avenue,  Cleveland,  Ohio. 

Woodward,  Harry  W.,  Act.  Mem., 

Assistant  Supervising  Engineer,  Smoke  Department,  Department 

of  Public  Service,  203  Adelbert  street,   Cleveland,  Ohio. 
Wright,  Charles  H.,  Act.  Mem., 

Chief  Engineer,  Brown  Hoisting  Machinery  Co., 

"The  Colonial,"  Cleveland,  Ohio. 
Yates,  Preston  K.,  Act.  Mem., 

First  Assistant  Engineer,  L.  S.  &  M.  S.  R.  R., 

G"]  Spangler  street,  Cleveland,  Ohio. 
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Abbott,  Frederick  W., 

President,  Abbot-Gamble  Construction  Co.. 
620  Chestnut  street,  St.  Louis,  Mo. 

Adler.  Fraxk  T., 

Engineer  and  Surveyor.  Street  Department. 

2336  Whittemore  place,  St.  Louis,  Mo. 
Affleck,  Bex.  F., 

Southwestern  Agent.  Cement  Department  Illinois  Steel  Co., 
Illinois  Steel  Co.,  Concrete  Department,  Chicago,  111. 

Albrecht.  Frederick  Carl, 

Salesman,  Westinghouse  Electric  Mfg.  Co.,  St.  Louis  Office, 

5573  A  ̂ ^ernon  avenue,  St.  Louis,  Mo. 
AxGELL,  John  E.. 

Laclede  Bldg.,  St.  Louis,  Mo. 
ASHBURNER,   ThOMAS, 

Agent.  Babcock  &  Wilcox  Co.,  1215  Marquette  Bldg.,  Chicago,  111. 
AXTELL,    FrAXK    FoYE, 

Sabine,  Texas. 
Baier,  Julius, 

Assistant  ^lanager,   Conre}-  Placer  Mining  Co., 
Laurain,  Madison  Co.,  Mont. 

Baker,  Verxon, 

Civil  Engineer,  417  Pine  street,  St.  Louis,  Mo. 
Barns,  William  Eddy, 

Fullerton  Bldg.,  St.  Louis,  Mo. 
Barth,  Carl  G., 

Consulting  Engineer,  Swarthmore,  Pa. 
Bartlett,  Roy, 

Assistant  to  Wm.  H.  Bryan,  Consulting  Engineer, 
3021  Eads  avenue,  St.  Louis,  Mo. 

Barwick,  0li\-er  J., 
General  Contractor,  312  Wainwright  Bldg.,  St.  Louis,  Mo. 

Bary,  Mark, 

Engineer,  with  H.  H.  Humphrey,  Consulting  Engineer, 

1305  Chemical  Bldg.,  St.  Louis,  Mo. 
Bascome,  Western  R., 

Assistant  Engineer,  New  East  River  Bridge,  New  York,  N.  Y., 

II  West  Twenty-fifth  street,  New  York,  N.  Y. 
Bausch,  Frederick  Emll, 

Manager,  St.  Louis  Office,  The  Hooven-Owens-Rentschler  Co., 
Chemical  Bldg.,  St.  Louis,  Mo. 

Beardslee,  Frank  Dixon, 

Contracting  Agent,  Missouri  Edison  Electric  Co., 
415  Locust  street,  St.  Louis,  Mo. 

Bendit,  Louis, 

President,  Laufketter-Bendit  Mechanical  Engineering  Co., 
714  Wainwright  Bldg.,  St.  Louis,  Mo. 

BiLHARz,  Oscar  M.  C, 

Assistant  Superintendent,  St.  Joseph  Lead  Co.,  and  Superintend- 
ent of  Mines,  Doe  Run  Lead  Co..        P.  O.  B.,  Flat  River,  Mo. 
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Blaisdell,  Anthony  H., 

Civil  Engineer,  with  Missouri  River  Commission, 

2739  Locust  street,  St.  Louis,  Mo. 
Borden,  Albert, 

Civil  Engineer,        808  Mermod  and  Jaccard  Bldg.,  St.  Louis,  Mo. 
BouTON,  George  I., 

Engineer,  Heine  Safety  Boiler  Co., 

Room  1 152,  II  Broadway,  New  York,  N.  Y. 
BOUTON,  WiLLI.A.M, 

Vice-President,    Pitzman's    Co.,    Surveyors   and    Engineers, 
2909  Park  avenue,  St.  Louis,  Mo. 

Boyd,  Alfred, 

care  of  Wellman-Seaver-Morgan   Engineering  Co., 
Cleveland,  Ohio. 

Boyer,  Joseph, 

President,  Boyer  Machine  Co., 

637  Woodward  avenue.  Detroit,  Mich. 
Branch,  Henry, 

Assistant  Engineer,  Pacific  Electric  Railway  Co., 
Sixth  and  Main  streets,  Los  Angeles,  Cal. 

Branne,  John  S„ 

Structural  Engineer,  Secretary  James  E.  Brooks  Co.,  Consulting 

Engineers,  45  Broadway,  New  York,  N.  Y. 
Brenneke,  William  George, 

Brenneke  &  Fay,  Consulting  Civil  Engineers, 
1000  Fullerton  Bldg.,  St.  Louis,  Mo. 

Broderick,  James  R., 

Structural  Engineer,  Mauran,  Russel  &  Garden, 

1505  Chemical  Bldg.,  St.  Louis,  Mo. 
Brown,  Walter  S., 

Pumping  Department,   Allis-Chalmers   Co.,  Milwaukee,   Wis. 
Bruner,  Preston  M., 

Contractor  for  Concrete  Work,  Odd  Fellows'  Bldg.,  St.  Louis,  Mo. 
Brussell,  Hugues, 

Representative,    Hennebigue   System  of  Armored   Concrete   Con- 
struction, 406  Benoist  Bldg.,  St.  Louis,  Mo. 

Bryan,  Charles  Walter, 

General  Manager,  American  Bridge  Co.  of  New  York, 
100  Broadway,  New  York,  N.  Y. 

Bryan,  William  Henry, 
Consulting  Mechanical  and  Electrical  Engineer, 

329  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Burgess,  Robert, 

Civil  Engineer,  2147  Clifton  avenue,  St.  Louis,  Mo. 
Butler,  L.  Parker, 

First  Lieutenant,  41st  Infantry,  U.  S.  V., 

Pitogo,  Tayabas  Province,  P.  I. 
Campbell,  John  L., 

Chief  Engineer,  Gasconade  Railway  Construction  Co., 

910  Security  Bldg.,  St.  Louis,  Mo. 
Cantlin,  Albert  H.  S., 

Electric  Storage  Battery  Co., 

817  Wainwright  Bldg.,  St.  Louis,  Mo. 
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C.\RR,    LOVELL   H., 

General  Sales  Agent,  The  Edison  Portland  Cement  Co., 

71  Broadway,  New  York,  N.  Y. 
Chaphe,  James  M., 

Smoke  Prevention,  3060  Sheridan  avenue,  St.  Louis,  Mo. 
Chaplix,  Wixfield  S., 

Chancellor  of  Washington  L^niversity, 
Washington  University,  St.  Louis,  Mo. 

Childs,  Oliver  W., 

Chief  Engineer,  Stupp  Bros.  Bridge  and  Iron  Co., 
2301  S.  Seventh  street,  St.  Louis,  Mo. 

Clark,  Charles  W., 
Architect  and  United  States  Assistant  Engineer, 

Webster   Grove,   Mo. 
Colby,  Branch  H., 

Civil  Engineer,  600  Colonial  Trust  Bldg.,  St.  Louis,  Mo. 
Cole,  Burt, 

Engineer,   Consolidated  Coal   Co., 
164  Laclede  Bldg.,  St.  Louis,  Mo. 

CoLxox,  Redmond  S., 

Contractor,  127  Laclede  Bldg.,  St.  Louis,  Mo. 

Comber,  William  George, 

United  States  Assistant  Engineer,  ̂ Mississippi  River  Commission. 
1 1 15  Fullerton  Bldg.,  St.  Louis,  Mo. 

CoNNORj  Edward  H.^ 

Engineer,  ̂ Missouri  Vallej-  Bridge  and  Iron  Works, 
Leavenworth,  Kan. 

Cook,  Abraham, 

Laclede  Car  Company,      4500  North  Second  street,  St.  Louis,  Mo. 
Crecelius,  L.  p.. 

Electrician,  St.  Louis  Transit  Co., 

1419  South  Ewing  avenue,  St.  Louis,  Mo. 
Crosby,  Ben.  L., 

Auditor,  Missouri  Lines  C.  B.  &  Q.  Railway  Co., 
1213  Charles  street,  St.  Joseph,  Mo. 

Cunningham,  Andrew  O., 

Bridge  Engineer,  Wabash  Railroad, 
Lincoln  Trust  Bldg.,  St,  Louis,  Mo. 

CuTTS,  Francis  T., 

Draughtsman,   Consolidated  Coal  Co., 
5226  Washington  avenue,  St.  Louis,  Mo. 

D.wis,  Charles  H., 

Civil  Engineer,  25  Broad  street,  New  York,  N.  Y. 
Day,  Edward  B., 

Office  Engineer,  Burlington's  Missouri  Lines, 
610  Globe-Democrat  Bldg.,  St.  Louis,  Mo. 

Dean,  John, 

Civil  Engineer  and  Contractor,  4606  Morgan  street,  St.  Louis,  Mo. 
Dicke,  Edward  C, 

Assistant  Engineer,  Terminal  Railroad  Association  of  St.  Louis, 
1909  Hebert  street,  St.  Louis,  Mo. 

Dun,  James, 

Chief   Engineer,    The   Atchison,    Topeka   and    Sante   Fe    Railway 

System,  1602  Great  Northern  Bldg.,  St.  Louis,  Mo. 
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DuNAWAY,  Horace, 

United  States  Surveyor, 

United  States  Engineer's  Office,  St.  Paul,  ]\Iinn. 
DziATZKo,  Leo  Charles, 

General  Manager,  Mc^NIath  Surveying  Co., 
2912  Ellendale  avenue,   St.   Louis,  Mo. 

Einstein,  Robert  E., 

Engineer,  Elliot  Frog  and  Switch  Co.,  East  St,  Louis,  111., 

5024  Fairmount  avenue,  St.  Louis,  Mo. 
Faust,  Frank  C, 

Division  Engineer,  Ark.  Valley  and  Western  Railway, 
Red"  Fork,   I.   T. 

Fay,  Edward  B., 

Brenneke  &  Fay,   Consulting  Civil  Engineers, 
1000  Fullerton  Bldg.,  St.  Louis,  Mo. 

Ferguson,  Oscar  W., 

Assistant  Engineer,  United  States  Coast  and  Geodetic  Survey, 

Washington,  D.  C. 
Fernald,   Robt.    H., 

Professor  of   Mechanical   Engineering, 
Washington  University,  St.  Louis,  ]\Io. 

Field,  Edw^Jird, 
Salesman  of  Corliss  Engines,  St.  Louis  Iron  and  Machine  Works, 

4762  Leduc  street,  St.  Louis,  Mo. 
FiNLEY,  Edwin  C, 

Engineer  of  Railroads,   Louisiana  Purchase   Exposition, 

World's  Fair  Station,  St.  Louis,  Mo. 
Fischer,  G.  O., 

Secretary,   Pitzman's   Company  of   Surveyors   and  Engineers, 
2710  South  Compton  avenue,  St.  Louis,  i\Io. 

Fish,  Edward  R., 

Secretar}^,  Heine  Safety  Boiler  Co., 
4240  Cleveland  avenue,  St.  Louis,  Mo. 

Fisher,  Samuel  B., 

Chief  Engineer,  M.  K.  and  T.  Railway, 

406  Wainwright  Bldg.,   St.   Louis,   Mo. 
Flad,  Edward, 

Civil  Engineer,  4128  Westminster  place.  St.  Louis,  Mo. 
Fogarty,  Wm.  J., 

IManager,  Magnetite  Foundry  Co.,  4266  Flad  avenue,  St.  Louis,  Mo. 
Foster,  Charles  F., 

Mechanical   Engineer,  1407   Manhattan   Bldg.,   Chicago,   111. 
Freeman,   Stuart  E., 

4629  Washington  avenue,  St.  Louis,  Mo. 
French,  Geo.  H., 

United   States  Assistant   Engineer,   with   Alississippi  River   Com- 
mission, II 15   Fullerton  Bldg.,  St.   Louis,  Mo. 

Garcia,  John  A., 

Mining  Engineer,   Missouri  Pacific  Coal   Co., 

3109  South  Grand  avenue,  St.  Louis,  Mo. 
Garrels,  Wm.  Louis, 

Consulting  Engineer,  4531  West  Pine  street,  St.  Louis,  Mo. 
Gayler,  Carl, 

Bridge  Engineer,  Street  Department,  St.   Louis, 

City  Hall,  St.  Louis,  Mo. 
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Getz.  William  H., 

Brilliant  Pumping  Station.  Pittsburg,  Fa. 
GooDALE^  Loom  IS  F., 

Chief  Engineer,   Burlington   Route, 

610  Globe-Democrat  BIdg.,  St.  Louis,  Mo. 

Gould,  \\'illiam  T.. 
Engineer  with  B.  H.  R.  R.  Co.  and  B.  R.  T.  Co., 

Dobbs   Ferry,    N.   Y. 
Graves.  Wm.  Nelson, 

General  Superintendent  and  ̂ Mechanical  Engineer  Hydraulic  Press 

Brick  Co.,  2813  Lafayette  avenue,  St.  Louis,  Mo. 
Greensfelder,  Albert  P.. 

Assistant  Engineer,  Terminal   Railroad  Association  of  St.   Louis, 

206  L^nion  Station,  St.  Louis,  Mo. 
Groxemaxx,  Henry, 

2719  Stoddard  street,  St.  Louis,  Mo. 
GuiNN,  John  B., 

Consulting  INIining  Engineer   and   General   Manager   Guinn   Lead 

and  Zinc  Properties,  416  Joplin  street,  Joplin,  Mo. 
Hammond,  Alonzo  J., 

City  Engineer,  South  Bend.  Ind.,  South  Bend,  Ind. 
Hand,  William  M., 

Engineering  Department,   General  Electric   Co., 
816  Wainwright  Bldg.,  St.  Louis,  Mo. 

Hanna,  John  V.. 

Assistant  Chief  Engineer,  'Frisco  System, 
505  Granite  block,  St.  Louis,  Mo. 

Harting,  Otto  F., 

Assistant  Engineer,  St.  Louis  Portland  Cement  Co.,  St.  Louis,  Mo. 
H.wvKES,  Chas.  W., 

Manager,  Springfield  Boiler  and  Alanufacturing  Co., 

308-330  East  Grand  avenue,  Springfield,  111. 
Hazzard,  Albert  B., 

Manufacturer  of  Diamond  Drilling  Machinery, 
615  North  Second  street,  St.  Louis,  Mo. 

Hel.m,  Edwin  G.. 

Civil  and   Consulting  Engineer,       City  Hall,   East   St.   Louis,   111. 
Henby,  William  H., 

Assistant  Engineer,  St.  Louis  Water  Works, 
Water  Department,  City  Hall,  St.  Louis,  Mo. 

Hendricks,  Victor  K., 
Ill  West  Saratoga  street,  Baltimore,  Md. 

Hermann,  Edward  A., 
1921  Virginia  avenue,  St.  Louis,  Mo. 

Hill,  John, 

President,  Hill-0'Meara  Construction  Co., 
Wainwright   BIdg.,   St.  Louis,   Mo. 

Hinckley,  John  F., 

Chief  Engineer  of  Coast-'Frisco  Railway  System, 
800  Fullerton  Bldg.,  St.  Louis,  Mo. 

Holman,  Minard  L., 

General  Superintendent,  Missouri  Edison  Electric  Co., 

37z^4  Finney  avenue,  St.  Louis,  Mo. 
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Howe,  Malverd  A., 

Professor  of  Civil   Engineering,   Rose  Polyteclinic   Institute, 
2108  North  Tenth  street,  Terre  Haute,  Ind. 

Humphrey,  Henry  H., 

Consulting  Electrical  Engineer, 

1305  Chemical  Bldg.,   St.  Louis,   Mo. 
Hunicke,  Wm.  a., 

Civil  Engineer,  2937  Henrietta  street,  St.  Louis,  Mo. 
Hutchinson,  Cary  T., 

Consulting  Electrical  Engineer,      56  Pine  street,  New  York,  N.  Y. 
Ingoldsby,  Frank  S., 

Vice-President  and   General   Alanager,  The   Ingoldsby  Automatic 
Car  Co.,  Chemical  Bldg.,  St.  Louis,  Mo. 

Jennings,  James  G., 
Engineer  of  Construction  and  Reconstruction,  Street  Department, 

City   Hall,    St.   Louis,   Mo. 
Jewett,  Eliot  C, 

Mining  Engineer  with  Cia:  Miniera,  Fundidora  y  Affinadora, 

Fundicion    No.    2,    A'Tonterey,    Mexico. 
Johnson,  Albert  L., 

Engineer,  St.  Louis  Expanded  Metal  Fireproofing  Co., 

606  Century  Bldg.,  St.  Louis,  Mo. 
Johnson,  George  Dyer, 

Assistant  Superintendent,  Mississippi  Glass  Co., 

3938  North  Eleventh  street,  St.  Louis,  Mo. 
Johnson,  Reno  de  O., 

Consulting  Mining  Engineer,  625  Roe  Bldg.,  St.  Louis,  Mo. 

JoLLEY,  Edwin  J., 

Engineer  of  Grades,   Street  Department,   St.  Louis, 

1 1 19  Bayard  avenue,  St.  Louis,  Mo. 
Jones,  Charles  E., 

Instructor  in  Forging  and  Engineer  of  Steam  Plant,  Washington 

Universit}^  Manual  Training  School,   St.   Louis,  .Mo- 
Just,  Henning  H., 

Bridge  and  Structural  Draughtsman,  Missouri  Pacific  Railway, 

Missouri  Pacific  Bldg.,  St.  Louis,  Mo. 
Kessler,  John  J., 

Engineer  of  Tests,     224  South  Vondeventer  avenue,  St.  Louis,  Mo. 
Kinealy,  John  H., 

Member,  Paul-Kinealy  Co.,     1108  Pemberton  Bldg.,  Boston,  Mass. 
KJLAUDER,  Rudolph  H., 

41  Philelena  street,  Philadelphia,  Pa. 
KoKEN,  Ernest  C.  F., 

Secretary,  Banner  Iron  Works, 

3522  Hawthorne  Boulevard,  St.  Louis,  Mo. 
Krutzsch,  Herman, 

Vice-President  and  Manager,  St.  Louis  Iron  and  Machine  Works, 
3863  Cleveland  avenue,  St.  Louis,  Mo. 

Laird,  John  A., 

Chief  Engineer,  Cupple's  Station,  St.  Louis,  Mo. 
Langsdorf,  a.  S., 

Assistant  Professor   Electrical   Engineering,  Washington  Univer- 
sity, St.   Louis,   Mo.. 
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Laymax,  Waldo  Arnold^ 

General  Manager,  Wagner  Electric  Manufacturing  Co., 
2017  Locust  street,  St.  Louis,  Mo. 

Leighton,  George  B., 

President,  Leighton  &  Howard  Steel  Co., 
Eighth  and  Locust  streets,  St.  Louis,  Mo. 

Leoxard,  Edward  F., 
President,  Toledo,  Peoria  and  Western  Railway  Co., 

Springfield,  111. 
Lighter^  Johx  J., 

Lichter  &  Jens,  Consulting  Civil,  Mechanical  and  Electrical  Engi- 

neers, 1303-4  Chemical  Bldg.,  St.  Louis,  Mo. 
LUBBERGER,  FrITZ, 

119  Lehman  street,  Dayton,  Ohio. 
^IcAdam.  John  V., 

Assistant  Engineer,  American   Steel   Foundries, 

5182  Raymond  avenue,  St.  Louis,  Mo. 
Mac  Cart  HY,  D.  Edward, 

Superintendent,  American  Arithmometer  Co., 
2102  Washington  street,   St.  Louis,  Mo. 

McCuLLOCH,  Richard, 

Assistant  General  Manager,  Chicago  City  Railway  Co., 

2020  State  street,  Chicago,  III. 
Mc^^Iath,  Robert  E., 

Consulting  Engineer,  328  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
McMath,  Thomas  B., 

Engineer,  Indianapolis  Traction  and  Terminal  Co., 

Claypole  Bldg.,  Indianapolis,  Ind. 
Maltby,  Frank  B., 

Superintendent,  Dredging  Operations,  Mississippi  River  Commis- 
sion, Box  217,  Memphis,  Tenn. 

Markmann,  Philip  J., 

Structural  Engineer,  1211a  Missouri  avenue,   St.   Louis,   Mo. 
Meier,  Edward  D., 

Pres  dent  and  Chief  Engineer,  Heine  Safety  Boiler  Co., 

II  Broadway,  New  York,  N.  Y. 
Meinholtz,  Herman  C. 

Superintendent   Heine    Safety   Boiler   Co., 

4812  Greer  avenue,   St.  Louis,  Mo. 
Melcher,  Charles  W., 

Western  Manager,  The  Ingersoll-Sergent  Drill  Co., 
82  Van  Buren  street,  Chicago,  111. 

Mersereau,  Charles  V., 

Assistant  Engineer,  Water  Works  Extension, 

3838  Shenandoah  avenue,  St.  Louis,  Mo. 
^Ieston,  Th05.  M., 

Secretary,  The  Emerson  Electric  Manufacturing  Co., 
718  St.  Charles  street,  St.  Louis,  Mo. 

Metzger,  Louis  C.  F., 

Draughtsman,  Missouri  Pacific  Railway, 
1008  Hickory  street,   St.   Louis,  Mo. 

MiLNER,  Bex.  Chas., 

Superintendent,  St.  Louis-Louisville  Lines  Southern  Railway  Co., 
915  Columbia  Bldg.,  Louisville,  Ky. 
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Mitchell,  Charles  D., 

Contractor,  Cotter,  Ark. 
Mitchell,  Marcus  L., 

Chief  Engineer,  In?ular  Government  Ice  Plant,  Manila,  P.   I. 
Mitchell,  William  S., 

Assistant  Engineer,  Improvement  Mississippi  River  between  the 

Missouri  and  the  Ohio  Rivers,  Custom  Plouse,  St.  Louis,  INIo. 
MOGENSON,   OlAF  E., 

Bridge  Engineer,  Missouri  Pacific  System, 

502  Missouri  Pacific  Bldg.,  St.  Louis,  Mo. 
MoNELL,  Joseph  T., 

Superintendent  Central  Lead  Co., 

Flat  River,   St.   Francois   County,   Mo. 
Montgomery,  Geo.  S., 

621  Bryant  Bldg.,  Kansas  City,  Mo. 
Moore,  Philip  North, 

Consulting  Mining  Engineer,  President  Tecumseh  Iron  Co.,  Treas- 
urer Rose  Run  Iron  Co.,  of  Kentucky, 

121  Laclede  Bldg.,  St.  Louis,  Mo. 
Moore,  Robert, 

Consulting   Engineer,  Laclede   Bldg.,    St.   Louis,   Mo. 
Moors  HEAD,  Thos.  C, 

Engineer,    Illinois    Terminal   Railway, 

care  of  Illinois  Terminal  Railway,  Alton,  III. 
Moreno,  Chas.  Albert, 

Chief  Engineer,  St.  Louis  Transit  Co., 

3901  Park  avenue,  St.  Louis,  Mo. 
Morey,  Richard, 

Vice-President  and  General  Manager,  Morey  Engineering  and 
Construction  Co.,  Equitable  Bldg.,   St.  Louis,   Mo. 

Moulton,  Julius, 

Civil  Engineer,  Harbor  and  Wharf  Department, 

305   City  Hall,   St.  Louis,  Mo. 
MUNDY,  Wm.  O., 

Master  Mechanic,  St.  Louis  Transit  Co., 
Park  and  Vondeventer  avenues,  St.  Louis,  Mo. 

Murphy,  R.  Lincoln, 

Assistant  Engineer,  St.  Louis  Expanded  Metal  and  Fireproof- 
ing  Co.,  606  Century  Bldg.,  St.  Louis,  Mo. 

Neff,  William  A.,  Jr., 

Civil  Engineer,  860  Doane  street,   Cleveland,  Ohio. 
North,  Arthur  T., 

Warren,  Webster  &  Co.,  302  Fullerton  Bldg.,  St.  Louis,  Mo. 

Norton,  Guy  Tyler, 

Engineer  and  Architect,  Wm.  J.   Lemp   Brewing  Co., 

2644  Nebraska  avenue,  St.  Loitis^  Mo. 
OcKERSON,  John  A., 

Civil  Engineer,  Member  Mississippi  River  Commission, 
Fullerton  Bldg.,  St.  Louis,  Mo. 

O'Reilly,  Andrew  J., 
1507  Papin  street,  St.  Louis,  Mo. 

Parker,  Edgar  Charles, 

Vice-President  and  Treasurer,   Steam  Appliance  and  Supply  Co., 
1506  Chemical  Bldg.,  St.  Louis,  Mo. 
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Parker,  Lemon, 

Secretary   and    Superintendent,    The    Parker-Russell    Mining   and 
Manufacturing^  Co.,  3413  Oak  Hill  avenue,  St.  Louis,  Mo. 

Parker,  Russell, 

Chemist.   Parker-Russell  ^Mining  and  Manufacturing  Co., 
3405  Oak  Hill  avenue,  St.  Louis,  Mo. 

Pegram,  Geo.  H.. 

Chief  Engineer,  ̂ lanhattan  Railway, 

195  Broadway,  New  York,  N.  Y. 
Perktxs,  Nathax  \V..  Jr., 

Mechanical  Engineer,  4446  Page  Boulevard,  St.  Louis,  Mo. 

Perrixe,  V.'m.  F., 
Assistant  Resident  Engineer,  Wabash  Railroad,  Moberly,  Mo. 

Peters,  Thos.  K.. 

T.  K.  Peters  Engineering  Co.,         Chemical  Bldg.,  St.  Louis,  Mo. 
Pfeifer,  Hermax  J., 

General   Superintendent   of   Construction,    Street   Department,    St. 

Louis,  Mo.,  4153  Cleveland  avenue,  St.  Louis,  Mo. 
Phillips,  Hiram. 

President  of  Board  of  Public  Improvements, 

City  Hall,  St.  Louis,  Mo. 
Phillips,  Richard  H.. 

Chief  Engineer,  Louisiana  Purchase  Exposition, 

5147  Vernon  avenue,   St.   Louis,   Mo. 
PiTZMAN,  Julius, 

Street  Improvement,  Landscape  Work  and  Surveying, 

615  Chestnut  street,  St.  Louis,  Mo. 

PriRTFR.  Joseph  F., 

President  and  Engineer.   Alton  Railway,  Gas  and  Electric  Co., 

205  Market  street,  Alton,  111. 
Post,  Truman  M., 

Mechanical  Draughtsman,  Mississippi  River  Commission, 

5678  Cabanne  avenue,  St.  Louis,  Mo. 
PURDON,    C.    DE  LA    ChEROIS, 

Chief  Engineer,  'Frisco  System,       Granite  Bldg.,   St.  Louis,  Mo. 
Reder,  H.  Lixtox, 

Secretary  and  General  Manager,  Kinloch  Telephone  Co., 

Century  Bldg.,  St.  Louis,  Mo. 
Reed,  Alvin  D., 

Engineer   and    Salesman,    Steam   Appliance   Co., 

3126  Rutger  street,  St.  Louis,  Mo. 
Reel,  C.  Gordox, 

Vice-President  and  General  Manager,  Kingston  Consolidated  Rail- 
road Co.,  320  Broadway,  Kingston,  N.  Y. 

Reevts,  Wm.  Henry, 

St.  Louis  Manager,   Henry  R.   Worthington, 

317  North  Ninth  street,  St.  Louis,  Mo. 
Ringer,  Frank, 

Assistant  Engineer,  Missouri,  Kansas  and  Texas  Railway, 

406  Wainwright  Bldg.,  St.  Louis,  Mo. 
ROBINSOX,  JOHX    C, 

Secretary  and  Treasurer,   St.   Louis   Portland  Cement  Works, 
6017  West  Cabanne  avenue,  St.  Louis,  Mo. 
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RoEHRiG,  Charles  Wm., 

Civil  Engineer,  2856  Russell  avenue,   St.  Louis,  Mo. 
RoHWER,  Henry, 

Chief  Engineer,  Missouri  Pacific  System, 

5900  Clemens  avenue,  St.  Louis,  Mo. 
RoLFE,  Wm.  Edward, 

Engineer   of   Distribution,   Water   Department,    St.    Louis,    Water 
Commission  Office,  City  Hall,   St.   Louis,  Mo. 

Roper,  Denney  W., 

Electrical  Engineer,  Chicago  Edison  Co., 

139  Adams   street,   Chicago,   111. 
Rosenthal,  Geo.  D., 

Manager,   St.   Louis   Office,   General   Electric   Co., 
816  Wainwright  Bldg.,  St.  Louis,  Mo. 

Ruckert,  Louis, 

Dealer  in  Drawing  Materials,   etc., 

3023  Shenandoah  avenue,  St.  Louis,  Mo. 
Russell,  S.  Bent, 

Consulting  Civil  Engineer,  417  Pine  street,   St.  Louis,  Mo. 
RusTiN,  Henry, 

Chief  Electrical  and  Mechanical  Engineer,  Louisiana  Purchase  Ex- 

position, World's  Fair,  St.  Louis,  Mo. 
Saxton,  Edmund, 

Street   Railway   Contractor, 

1244  Eleventh  street,  N.  W.,  Washington,  D.  C. 
Schaub,  Julius  Wm., 

Civil  Engineer,  Specialty  Bridge  and  Buildings, 

1649-50  Monadnock  Bldg.,   Chicago,   111. 
Schaumleffel,  Peter  W., 

Superintendent,  St.  Louis  Lead  and  Oil  Co., 

2339  Whittemore  place,   St.  Louis,   Mo. 
ScHMiTz,  Otto, 

Civil  Engineer,  with  Julius   Pitzman, 

21 14  South  Compton  avenue,  St.  Louis,  Mo. 
Schneider,  Edward  J., 

Contracting  Engineer,  American  Bridge  Co.,  of  New  York, 

507  Bank  of  Commerce  Bldg.,  St.  Louis,  Mo. 
Schramm,  Oscar  H.. 

Steam  and  Hydraulic  Machinery, 

1209  Union  avenue.  Station  A,  Kansas  City,  Mo. 
Schwedtmann,  Ferdinand, 

Ruebel,  Schwedtmann  &  Wells,  Consulting  Electrical  and  Mechan- 
ical Engineers,  Chemical   Bldg.,   St.   Louis,   Mo. 

Seddon,  James  A., 
United  States  Assistant  Engineer, 

906  Security  Bldg.,  Chicago,  111. 
Shaw,  Howard  B., 

Professor  of  Electrical  Engineering,  University  of  Missouri, 
619  South  Fifth  street,  Columbia,  Mo. 

Siebert,  Alfred, 

Consulting  Engineer  and  Refrigerating  Expert, 

4950  Columbia  avenue,  St.  Louis,  Mo. 
Smith,  Bathurst, 

P.  O.  Box  947,  Kansas  City,  Mo. 
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Sneddon,  James  P., 

Engineer,  Hawley  Down   Draft   Furnace   Co.,  Chicago,   IlL 
Spaldixg,  Frederick  P., 

Professor  of  Civil  Engineering,  University  of  ̂ Missouri, 
Columbia,  Mo, 

Spencer,  Eugene  J., 

Consulting  Engineer,  24  Laclede  BIdg.,  St.  Louis,  Mo. 
Stolberg,  Emil  Charles, 

Mechanical  and  Electrical  Department,  Louisiana   Purchase   Ex- 
position, 3936  Shaw  avenue,  St.  Louis,  Mo. 

Stuart,  Alfred  A., 
Civil   Engineer, 

329  East  One  Hundred  and  Twenty-third  street.  New  York,  N.  Y.. 
SwoPE,  Gerard, 

Electrical  Engineer  and  St.  Louis  Representative  of  Western  Elec- 
tric Co.,  810  Spruce  street,   St.  Louis,  Mo. 

Tait,  Roderick  H., 

Mechanical    Superintendent,    St.    Louis    Refrigerator    and    Cold 

Storage  Co.,  1368  Granville  place,   St.  Louis,   Mo. 
Thacher,  Arthur, 

President  and  Manager  Central  Lead  Co.,  President  Renault  Lead 

Co.,  4304  Washington  avenue,  St.  Louis,  Mo. 
Tidemann,  Henry  G., 

Mechanical  Engineer,  Heine  Safety  Boiler  Co., 

1726  iMississippi  avenue,  St.  Louis,  Mov 
Toensfeldt,  Haxs  C, 

Assistant  Engineer,  with  Brenneke  &  Fay, 

1550  Mississippi  avenue,  St.  Louis,  Mo^ 
Travilla,  James  C, 

Office  Superintendent,  Street  Department,   St.  Louis, 

2038  Blendon  place,  St.  Louis,  Mo. 
Trepp,  Samuel, 

Mechanical    Engineer,    Mallinckrodt   Chemical   Works,    St.    Louis 

Mo.,  4150  Westminster  place,  St.  Louis,  Mo. 
Tucker,  Charles  H., 

Secretary  and  Treasurer,  A.  Leschen  &  Sons  Rope  Co., 

920  North  First  street,  St.  Louis,  Mo. 
Turner,  Orville  H.  B., 

Chief  Engineer,  New  Mexico  and  Pacific  Railroad, 

7267  Anna  avenue,  Maplewood,  Mo. 
Tyrrell,  Warren  A., 

Civil  Engineer,  4308  Olive  street,  St.  Louis,  Mo. 
Urbauer,  Hugo  F., 

President  of  Urbauer-Atwood  Heating  Co., 
1 1 14  Pine  street,  St.  Louis,  Mo. 

Van  Ornum,  John  Lane, 
Professor   of   Civil    Engineering, 

Washington  University,  St.  Louis,  Mo. 
Van  Sant,  Robert  L., 

Engineer  and   Contractor, 

55  Third  National  Bank  Bldg.,  St.  Louis,  Mo. 
Varrelmann,  Charles, 

Street  Commissioner,  St.  Louis,  City  Hall,  St.  Louis,  Mo. 
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Vella,  Lorenzo  B., 

District  Engineer,  Street  Department, 

2725  Lucas  avenue,   St.   Louis,   Mo. 
Von  Ravenswaay,  L.  F., 

Civil  Engineering  Department,  World's  Fair.   St.   Louis,  Mo. 
Wagner,  Heeert  A., 

Mechanical  and  Electrical  Engineer, 

Times  Building,  New  York,  N.  Y. 
Walker,  John  E., 

Office  Engineer,  St.  Louis,  Kansas  City  and  Colorado  Railroad, 

911   Security  Bldg.,   St.  Louis,  Mo. 
Wall,  Edward  E., 

Principal  Assistant  Engineer,   Water   Works  Extension, 

77  East  May  street,  St.  Louis,  Mo. 
Wangler,  Joseph  F., 

Boiler  Manufacturer,  1535  North  Ninth  street,  St.  Louis,  Mo. 

Warren,  Beriah, 

General  Superintendent,   St.  Louis,  Troy  and  Eastern  Railway, 

1619  Pennsylvania  avenue,  St.  Louis,  Mo. 
Way,  Sylvester  B., 

Superintendent,  Union  Electric  Light  and  Power  Co., 

Tenth  and  St.  Charles  street,  St.  Louis,  Mo. 
WellSj  Geo.  E., 

Ruebel,  Schwedtman  &  Wells,  Consulting  Electrical  and  Mechan- 
ical Engineers,  Chemical  Bldg.,  St.  Louis,  Mo. 

Wheeler,  Herbert  A., 

Consulting  Mining  Engineer,  Chemical  Bldg.,  St.  Louis,  Mo. 
Wiedeeholdt,  Ernest  F., 

Engineering  Department,  Burlington  Missouri  Lines, 
121 1  Morrison  avenue,  St.  Louis,  Mo. 

Wilcox,  Frank  L., 

Assistant  Field  Engineer,  Louisiana  Purchase  Exposition, 

5025  Cabanne  avenue,  St.  Louis,  Mo. 
WiLLLAMS,  Walter  S., 

Instructor   in    Civil    Engineering,    Missouri    State    University, 
602  South  Ninth  street,  Columbia,  Mo. 

Winn,  Walter  E., 

Civil  Engineer,  724  Roe  Bldg._,  St.  Louis,  Mo. 
Wise,  William, 

Civil  Ensineer,  3203  Pine  street,  St.  Louis,  Mo. 
Woermann,  John  Wm., 

In  charge  of  Surveys,   14  feet  Waterway,   from  Chicago  to  Mis- 
sissippi River,  11 15  Monroe  street,   Peoria,  111. 

Yeatman,  Pope, 

Mining  Engineer,  Randfontein  Estate's  Gold  Mining  Co., 
Randfontein,  Transvaal,  South  Africa. 

Young,  Chas.  Everett, 

Engineer,  Water,  Sewer  and  Fire  Protection,  Louisiana  Purchase, 
809  Clarendon  avenue,  St.  Louis,  Mo. 

Zelle,  Wm.  Charles, 

General  Manager,  Mound  City  Construction  Co., 

430  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Zeller,  Albert  H., 

Civil  Engineer,  1000  Fullerton  Bldg.,   St.   Louis,  Mo. 
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Civil  Engineei's'  Society  of  St.  Paul. 

Aldermax,  C.  A-., 

Chief  Engineer,  Dayton,  Springfield  and  Urbana  Electric  Railway 
Co.,  Columbus,  Ohio. 

AxxAX,  C.  L., 

Ollice  Engineer,  Department  of  Public  Works,  St.  Paul,  Minn. 

.•\rmstroxg,  J.  H.. 
Civil  Engineer  and  Surveyor,  504  Globe  Bldg.,  St.  Paul,  Minn. 

Barber.  P.  E., 

Land  Department,  Northern  Pacific  Railway  Co.,     St.  Paul,  Minn. 
Berxier.  H.   T., 

Draughtsman.  Department  Public  Works,  St.  Paul,  Minn. 
Clark.  H.   E.. 

Contractor.  St.  Paul,  Minn. 

Cl.xu.-.'^ex.  Oscar, 

Consulting  Engineer, 

Rooms  514  and  516,  National  German-American  Bank  Bldg., 
St.  Paul,  Minn. 

Crocker,  H.  S., 

Assistant   Engineer,    Board    of    Public   Works, 

City  Hall,  Denver,  Col. 
Crosby^  Oliver, 

President.  American  Hoist  and  Derrick  Co.,  St.  Paul,  Minn. 
Curt  A IX,  David, 

Roadmaster,  Boston  &  Northern  Street  Railway  Co.,  Old  Colony 

Street  Railway  Co.,  Chicago,  111. 

Room  329,  India  Bldg,,  Boston,  Mass. 

Curtis,  W.  W'., 
Civil  Engineer  and  Contractor,     549  Marquette  Bldg.,  Chicago,  111. 

Daxforth.  \Vm., 

Civil   Engineer.  Red  Wing,   Minn. 
Darling.  F.  S., 

Division  Engineer.  Canadian  Pacific  Railway  Co.,     Montreal,  Can. 
D.vrlixg,  W.  L., 

Chief  Engineer,  C,  R.  I.  and  P.  Ry.  Co.,  Chicago,  111. 
DuSiiAXE.  J.  D.. 

Assistant  L'n'ted  States  Engineer,       Army  Bldg.,  St.  Paul,  Minn. 
Edmondstoxe.  G.  S., 

Consulting  Engineer,  518  Globe  Bldg.,  St.  Paul,  Minn. 
Elder,  Robert, 

Civil  Engineer,  Fairbanks,  Morse  &  Co.,  Chicago,  111. 
Fernstrom,  H., 

Chief  Engineer,  N.  Y.  C.  Ry.,  Grand  Central  Station, 
New  York,  N.  Y. 

Forbes,  Chas.  A., 

Surveyor,  Room  11,  Court  Block,  St.  Paul,  Minn. 
Freyhold,  Felix, 

Bureau  of  Equipment,  Navy  Department,  Washington,  D.   C. 
Harrisox,  H.  H., 

Civil  Engineer.  Stillwater,  Minn. 
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Hedges,  S.  H., 

Contracting  Engineer,   Chicago  Bridge  and   Iron   Works, 
Washington  Heights  P.  O.,  Chicago.  III. 

Herzog,  Robt.j 

Assistant  Engineer,  Great  Northern  Railway  Co.,     St.  Paul,  Minn. 
Heuston,  Geo.  Z., 

Assistant  Engineer,  Department  Public  Works,       St.  Paul,  IMinn. 
HiLGARD,  K.  E.,  C.E., 

i8  Steinweiss  Strasse,  Zurich  V.  Kreis,   Switzerland. 
Hogeland,  Albert  H., 

Chief  Engineer,  Great  Northern  Railway  Co.,  St.  Paul.  Minn. 
HORTON,    H.    E., 

President  and  Chief  Engineer,  Chicago  Bridge  and  Iron  Co., 

Chicago.  111. 
Hunt,  C.  A., 

Assistant   Engineer,    Montana    Division   Great   Northern    Railway 
Co.,  Havre,    Mont. 

Hutchinson,  G.  H., 

Chief  Engineer,  N.  W.  Fuel  Co., 

Pioneer  Press  Bldg.,   St.   Paul,   Minn. 
Irvine,  Jno.  B., 

County  Surveyor,  St.   Paul,  Minn. 

Johnson,  C.  W., 

Chief  Engineer,  C,  St.  P.,  M.  and  O.  Ry.  Co.,  St.  Paul,  Minn.. 
Johnson,  Noah, 

Chicago  Great  Western  Railway,  St.  Paul,  Minn.. 
Lehman,  Karl  L., 

Civil  Engineer,  638  Maplewood  avenue,   Chicago,  IlL 
Lovveth,  C.  F., 

Engineer  Buildings  and  Bridges,  C.  M.  and  St.  P.  Ry.  Co., 

Chicago,  IlL 
Lyon,  Tracy, 

Assistant  General  Manager,  Chicago  Great  Western  Railway  Co.^ 

,,   ̂   ♦  St.   Paul,   Minn. McCoy,  F.  W., 

Assistant  Engineer,  Great  Northern  Railway  Co.,     St.  Paul,  Minn. 
Miller,  Hew., 

Civil   Engineer, 

Room  10,  Floor  11,  100  Broadway,  New  York,  N.  Y. 
Miller,  N.  D., 

551  Westminster  street,  St.  Paul,  Minn. 
INIORRIS,  C.  J.  A., 

Room  906,  Globe  Bldg.,  St.   Paul,  Minn. 
MUNSTEK,  A.  W., 

Bridge  Engineer,  Chicago  Great  Western  Railway  Co., 

_,  ^  St.   Paul,  Minn. 
Palmer,  Oscar, 

Assistant  Engineer,  Chicago  Great  Western  Railway  Co., 

^  .    ̂   St.   Paul,   Minn. Powell,  A.  O., 

Principal   Assistant  Engineer,  United   States   Engineer's   Office, 
Bank  of  Minnesota  Bldg.,  St.   Paul,  Minn. 

Raynor,  C.  W., 

United  States  Engineer's  Office, 
Bank  of  Minnesota  Bldg.,  St.  Paul,  Minn. 
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Rockwell.   Samuel^ 

Principal  Assistant  Engineer,  L.  S.  and  M.  S.  R.  R.  Co., 

Cleveland,  Ohio. 
RrXDLETT,   L.   W., 

Commissioner  of  Public  Works,  St.  Paul,  Minn. 
Smith,  W.  C, 

Engineer,  Guthrie  &  Co.,  St.   Paul,  Minn. 
SOMERS.   W.   -A.., 

Civil  Engineer, 

Room  1013,  Pioneer  Press  Bldg.,  St.   Paul,  Minn. 
Starkey,  .\.  R., 

-\ssistant  Commissioner  of  Public  Works,  St.  Paul,  Minn. 
Stevexs,  H.  E.. 

St.   Paul,  Minn. 
SwExsox,  H.  A.. 

301   Endicott  Bldg.,  St.   Paul,   Minn. 
ToLTz.  ̂ Iax^ 

Consulting   Engineer,    Canadian    Pacific   Railway   Co., 
Montreal,  Can. 

Truesdell,  W.  a., 

-Assistant  Engineer,  Great  Northern  Railway  Co.,     St.  Paul,  Minn. 

Weitbrecht,  Geo.  W.. 

Principal,   M.   A.   High   School,  St.   Paul,   Minn. 
Wheeler,  Jno.   H., 

Architect,  1006  New  York  Life  Bldg.,  St.  Paul,  Minn. 
WiLGUS,    W.    J., 

Fifth  Vice-President,  N.  Y.  C.  and  H.  R.  Ry.  and  Leased  Lines, 
Grand  Central  Station,  New  York,  N.  Y. 

Williamson,  Sidxey  B., 

Assistant  Engineer,  United  States  Muscle  Shoals  Canal, 

Kingman,  Ala. 
WiLSox,  Geo.  L., 

Engineer  and  Roadmaster,  Twin  City  Rapid  Transit  Co., 

St.  Paul,  Minn. 
WixsLOw,  C.  -A.., 

Assistant  Engineer,  Department  of  Public  Works,  St.  Paul,  Minn. 
Wolff,  L.  P.. 

Consulting  Engineer, 

Southwest  corner  Fourth  and  Jackson  streets,  St.  Paul,  Minn. 
Woodmax,  E.  E.,  Hon.  Mem., 

Secretary,  C,  St.  P.,  M.  and  O.  Ry.  Co.,  St.  Paul,  Minn. 
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Ambrose,  J.  R.  W., 
Assistant  Engineer,  Minneapolis  and  St.  Louis  Railway  Co., 

1 122  Guaranty  Bldg.,  Minneapolis,  Minn. 
Amy,  W.  L.. 

Draughtsman,  City  Engineer's  Office,  Minneapolis,  Minn. 
Anderson,  J.   G., 

Elevator  Builder, 

908  Twenty-fourth  avenue.  Southeast,  Minneapolis,  Minn. 
Archambro,  a.  J., 

Heating  and  Plumbing  Engineer, 

219  Third  street,  South,  Minneapolis,  Minn. 
Arnold,  Hugo, 

Architect,  442  Boston  block,   Minneapolis,  Minn. 
Avery,  Henry  B., 

Mechanical  Engineer,  Minneapolis  Steel  and  Machinery  Co., 

Minneapolis,  Minn. 
Bailey,  O.  P., 

Draughtsman,  Minneapolis  Steel  and  Machinery  Co., 

Minneapolis,  Minn. 
Barr,  John  H.,  Hon.  Mem., 

Assistant  Professor  of  Mechanical  Engineering, 

Cornell  University,  Ithaca,  N.  Y. 
Bass,  Fred  H.j 

Instructor  Civil  Engineering,  Minnesota  State  University, 

Minneapolis,  Minn. 
Bellin,  Philip, 

Draughtsman,   American  Bridge  Co.,  Minneapolis,   Minn. 
Bennicke,  H.  W., 

Draughtsman,  City  Engineer's  Office,  Minneapolis,  Minn. 
Benson,  Leslie, 

Student,   University  of   Minnesota,  Minneapolis,  Minn. 

Burch,  Ed'ward  p.. 
Consulting  Electrical   Engineer, 

1210  Guaranty  Bldg.,  Minneapolis,  Minn. 
Burrell,  W.  F., 

Contracting  Agent,   Minneapolis   Steel  and   Machinery   Co., 

Seattle,   Wash. 
Burroughs,  C.  H., 

Superintendent,    Washburn   Coupler   Co.,  Minneapolis,   Minn. 
Carroll,  J.  E., 

City  Engineer,  *  Crookston,  Minn. 
Chalmers,  C.  H., 

Electrical   Machinery   Co.,  Minneapolis,    Minn. 
Chase,  F.  D., 

Chief  Draughtsman,  Minneapolis  and  St.  Louis  Railway  Co., 

II 18  Guaranty  Bldg.,   Minneapolis,   Minn. 
Com  STOCK,  Robert, 

Levelman,    City   Engineer's    Office,  Minneapolis,  Minn. 
Conant,  W.   T., 

Draughtsman,   American   Bridge  Co.,  Minneapolis,  Minn. 
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CooLEY,  George  W., 

County  Survej'or,  Court  House,  Minneapolis,  Minn. 
COWLES,  W.   P., 

Draughtsman,   Minneapolis   Steel   and   [Machinery-  Co., 
Minneanolis,  Minn. 

Dealixg,  W.  R, 

City  Sidewalk  Engineer,  City  Hall,   Minneapolis,  Minn. 
Dean.  C.  L./ 

Draughtsman.  ^.linneapolis  Steel  and  Machinery  Co., 

Minneapolis,  Minn. 
Dunham.  B.  H., 

Transitman,  City  Engineer's  Department, 
City  Hall,  Minneapolis,  Minn. 

DusTiN,  F.  G., 

City   Electrical   Inspector,  City   Hall,   Minneapolis,   Minn. 
Eberhart,  a.  E., 

Bridge   Contractor,       604   Observatory  Bldg.,   Des   Moines,   Iowa. 
Egan,  J., 

Civil  Engineer  and  Surveyor, 

255  Hennepin  avenue,  Minneapolis,  Minn. 
Ensign,  W.  W., 

Heating  and  Ventilating  Engineer  with  H.  Kelly  &  Co., 

Minneapolis,  Minn. 
Fanning,  R.  B., 

Civil   Engineer,  602   Kasota   block,   Minneapolis,    Minn. 
Fanning,  John  T.,  Hon.  Mem., 

Consulting  Engineer,  Minneapolis,   Minn. 
Flohil,  J.  J., 

Draughtsman,  American  Bridge  Co.,  Minneapolis,  Minn. 
Frazer,  Edwin  S., 

Division  Engineer,  Knoxville,  La  Follette  and  Jellico  Railway, 
Knoxville,  Tenn. 

Gemlo,  J., 

Machinist,  615  North  Fremont  avenue,  Minneapolis,  Minn. 
Gillette,  L.  S., 

Civil  Engineer  and  Capitalist, 
1006  Guaranty  Bldg.,  Minneapolis,  Minn. 

Gilman,  James  B., 

Civil  Engineer,  American  Bridge  Co.,  Minneapolis,  Minn. 
Glass^  C.  a.. 

Contracting  Agent,  Minneapolis  Steel  and  Machinery  Co., 
Denver,  Col. 

Graber,  Albert, 

Civil  Engineer,  Chicago,  Milwaukee  and  St.  Paul  Railway, 
Milwaukee  Depot,  Minneapolis,  Minn. 

Gray,  W.  I., 
Electrical   and   Mechanical  Contractor, 

Sykes  block.  Minneapolis,  Minn. 
Grime,  E.  M., 

Assistant  Engineer,  Chicago-Great  Western  Railway, 
Minneapolis,  Minn. 

Hoke,  Henry, 
Structural   Iron  Erector, 

414  Fifth  avenue.  Northeast,   Minneapolis,  Mim. 
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Hall,  John  H., 

Pattern  Maker,  248  Fourth  avenue,  South,  Minneapolis,  Minn. 
Ho.'^G,  W.  R., 

Professor  of  Civil  Engineering,  University  of  Minnesota, 
Minneapolis,  Minn. 

Holland,  J.  C, 

Student,   State  University,  Minneapolis,  Minn. 
Holt,  A.  G., 

Division    Engineer,  Milwaukee   Depot,   Minneapolis,    Minn. 
Ilstrup,  Carl, 

City  Sewer  Engineer,  City  Hall,  Minneapolis,  Minn. 
Kaercher,  W.  C, 

Draughtsman,  American  Bridge  Co.,  Minneapolis,  Minn. 
ICendrick,  John,  Hon.  Mem., 

Third  Vice-Presidept,  Atchison,  Topeka  and  Santa  Fe  Railway, 
Chicago,   111. 

Keely,  James, 

Draughtsman,   St.   Paul   Foundry  Co., 

519  Thirteenth  avenue,   Southeast,  Minneapolis,  Minn. 
King,  F.  E., 

Assistant  Engineer,  Chicago,  Milwaukee  and  St.  Paul  Railway, 

....^    .,^  Mason  City,  Iowa. 
King,  W.  E., 

Draughtsman,  American  Bridge  Co.,  Minneapolis,  Minn. 
Lackore,  H.  D., 

Electrician,  Meter  Department,  Minneapolis  General  Electric  Co., 
Minneapolis,  Minn. 

Loetscher,  E.  C, 

Draughtsman,   Minneapolis   Steel  and  Machinery   Co., 

,^    ̂   Minneapolis.  Minn. 
Lund,  N.  J., 

Assistant  City  Sewer  Engineer,  City  Hall,  Minneapolis,  Minn. 
LUNDQUIST,  A.   N., 

Assistant  Building  Inspector, 

2215  East  Twenty-second  street,  Minneapolis,  Minn. 
Lundholm,  K.   F., 

Draughtsman,   St.   Paul   Foundry  Co.,  St.   Paul,  Minn. 
Moore,  J.   G., 

American   Engineering    Specialty   Co.,  Minneapolis,    Minn. 
NORDENSON,  O.  H., 

Draughtsman,   Minneapolis  Steel  and  Machinery  Co., 
Minneapolis,  Minn. 

Nutter,  Frank  H., 
Architect,    710   Sykes   block,    Minneapolis,   Minn. 

Olsen,  Chas.   G., 

Pattern  Maker,  822  Beacon  street.  Southeast,  Minneapolis,  Minn. 
OUSTAD,   K., 

Cit}^  Bridge  Engineer,  City  Hall,  Minneapolis,  Minn. 
OVERHOLT,  F.  M., 

Chief  Engineer,  Donaldson's  Glass  block,  Minneapolis,  Minn. 
Pardee,  Walter  S., 

Architect,  City  Hall,  Minneapolis,  Minn. 
Pabody,  E.  F.,  Jr., 

Draughtsman,  American  Bridge  Co.,  Minneapolis,  Minn. 
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Patterson,  M.  T., 

Structural  Engineer,     1532  North  Twelfth  street,  Philadelphia,  Pa. 
PiLLSBURY,  C.   L., 

Electrical  Contractor.  131  East  Fifth  street,  St.  Paul,  Minn. 
Potts.  T.  G., 

Draughtsman,  American  Bridge  Co.,  Minneapolis,  Minn. 
Redfield,  Wm.  W., 

Engineer  of  Construction,  Cit}'  Water  Works,  Minneapolis,  Minn. 
Rogers^  H.  A., 

Improvement   Bulletin,  Minneapolis,    Minn. 

Reidhead^  F.  E., 
General  Superintendent,  Columbus  Railway  Co.,       Columbus,  Ga. 

Rice,  F.  E., 

Assistant  Engineer  of  Bridges,  Chicago,  Milwaukee  and  St.  Paul 
Raihva3\  Minneapolis,  Minn. 

Rose,  N.  W., 

Student,  University  of  Minnesota,  Minneapolis,  Minn. 
Robertson,  J.  G., 

Dealer  in  Steam  Supplies,      go  East  Fifth  street,  St.  Paul,  Minn. 
Robertson,  Wm., 

Chief  Engineer,  Chamber  of  Commerce  Bldg.,  IMinneapolis,  Minn. 
SCHOFIELD,    E.    H., 

Electrical  Engineer,  Twin  City  Rapid  Transit  Co., 

Minneapolis,  Minn. 
Scott,  G.  R., 

Electrician,  Chamber  of  Commerce  Bldg.,  Minneapolis,  Minn. 
Shepardson,  G.  D., 

Professor  Electrical  Engineering,  Minnesota  State  University, 

Minneapolis,  Minn. 
Sprague,  A.  P., 

Draughtsman,  Minneapolis,  Steel  and  Machinery  Co., 

Minneapolis,  Minn. 
Stack,  W.  F., 

Surveyor  and  As^ayer, 

lOii  Thirty-third  avenue.  North,  Minneapolis,  Minn. 
Stone,  M.  B., 

Contracting  Agent,  A.  Y.  Bayne  &  Co.,  Minneapolis,  Minn. 
Stone,  M.  O., 

Draughtsman,  Minneapolis,  Steel  and  Machinery  Co., 
Minneapolis,  Minn. 

Stoopes,  W.  E., 

Assistant  County  Surveyor,  Court  House,  Minneapolis,  Minn. 
Sublette,  G.  W., 

Civil  Engineer,  2616  First  avenue,  South,  Minneapolis,  Minn. 
Tate,  J.  M., 

Instructor  in  Carpentry,  State  University,         Minneapolis,   Minn. 
Tromanhauser,  E.  H., 

Grain  Elevator  Engineer,  P.  O.  Box  555,  Minneapolis,  Minn. 
Turner,  C.  A.  P., 

Civil  Engineer,  Phoenix  Bldg.,  Minneapolis,  Minn. 
Wagner,  A., 

Superintendent,  Municipal  Light  System,  New  Ulm,  Minn. 
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Waller,  Benjamin, 

Superintendent,   Equipment  Northwest  Telephone  Exchange  Co., 

Minneapolis,   Minn. 
Wardell,  E.  S., 

Draughtsman,  Barnett  and  Record  Co.,  .  Minneapolis,  Minn. 
Washburn,  D.  C, 

City  Engineer,  Aberdeen,   S.   D. 
Wheeler,  W.  D., 

Division  Engineer,  Milwaukee  and  St.  Louis  Railway  Co., 

1 1 12  Guaranty  Bldg,  Minneapolis,  Minn. 

White,  S.  M..    ' 
Assistant  Engineer,  Great  Northern  Railway, 

1 121  Cummings  avenue,  West  Superior,  Wis. 
White,  Geo.  H.,  Hon.  Mem., 

Civil  Engineer,  P.  O.  Box  976,  Worcester,  Mass. 
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Montana  Society  of  Engineers. 

Adami,  Chas.  J.,  Act.  Alem., 

Foreman,  Gagnon  ]Mine,  Box  612,  Butte,  Mont. 
Abbott^  A.  A.,  Cor.  Mem., 

Mining   Engineej,  Cerre   de   Pasco,    Peru. 
Adams,  John  C,  Act.  Mem., 

Superintendent,  Boston  and  Montana  C.  C.  and  S.  M.  Co., 

Butte,  Mont. 
Burns.  Willis  T.,  Act.  Mem., 

General  Foreman,  Electric  Plant,  Boston  and  Montana  C.  C.  and 

S.  M.  Co.,  Great  Falls,  Mont. 
Browx^  Wilton  G.,  Act.  ̂ lem., 

Chemist,  Helena,  Mont. 
Brunton,  D.  W.,  Act.  ̂ lem., 

Consulting  Engineer,  A.  C.  M.  Co.,  Boston  block,  Denver,  Col. 
Beckler,  Eldridge  H.,  Hon.  Mem.. 

Civil  Engineer,  1339  Wilton  avenue.  Chicago,  111. 
Baker,  Thomas  T..  Act.  Mem., 

Civil  Engineer,  Butte,  Mont. 
Bayliss,  Rawlixson  T.,  Cor.  Mem., 

_,  ^  ^        , ,  II   Cornhill,  London,   England. 
Beach,  Frank,  Cor.  J^Iem., 

Civil  Engineer,  Las  Animas,  Cal. 

Bickel.  Paul  S.  A.,  Cor.  Mem., 

Civil  and  ̂ Mining  Engineer,  Milner,   Idaho. 
Blackford,  Francis  W.,  Act.  !Mem., 

General    ̂ lanager,    Cerre   de    Pasco    Mining    Co., 

.„  .,  , ,  Cerre  de  Pasco,  Peru. 
Breen,  James,  Act.  Alem., 

Northwestern   S.  'M.  Co.,  Crofton,  B.   C. 
Barker,  Samuel,  Jr.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Butte,  Mont. 

Bowman,  Chas.  H.,  Act.  Mem., 
Professor,  ̂ lontana  School  of  Mines,  Butte,  Mont. 

Bodahl,  Nils  H.,  Act.  Mem., 
Master  Mechanic,  Butte  and  Boston  Mining  Co.,  Butte,  Mont. 

Blossom,  Edward  L.,  Act.  Mem., 

Superintendent,  AI.  O.   P.  Co.'s  Smelter,  Butte,  Mont. 
Baker,  John  S.,  Act.  Mem., 

Professor,  ̂ lontana  State  College,  Bozeman,  Mont. 
Cairns,  Fred  I.,  Act.  Mem., 

Mining  Engineer,  Houghton,  Mich. 
Carroll,  Eugene,  Act.  Mem., 

Chief  Engineer  and  Superintendent,  Butte  Water  Co., 
Box  356,  Butte,  Mont. 

Cum  MINGS,  Adeleert  E.,  Act.  Mem., 

Civil  and  Hydraulic  Engineer,  Helena,  Mont. 

Chandler,  R.  E.,  Cor.  Mem., 

Civil  Engineer,  3     Highland  place,   Ithaca,   N.   Y. 
Clark,  William  A.,  Act.  Mem., 

Mine  Owner,  United  States  Senator,  Butte,  Mont. 
10 
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Crooks,  Spencer  H.,  Act.  Mem., 

United   States  Deputy   Mining   Surveyor,  Livingston,    Mont. 
Christian,  August,  Act.  Mem., 

Chief  Engineer,  Anaconda  Copper  Mining  Co., 

Box  log,  Butte,  Mont. 
Clark,  Harry  P.,  Act.  Mem., 

General   Manager,    Custer  Mine,  Winston,   Mont. 

Clark,  Chas.  W.,  Act.  Mem., 

General  Manager,  United  Verde  Copper  INIines,     San  Mateo,  Cal. 
Catlin,  Arthur  W.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Missoula,  Mont. 

Calderv^ood,  James  M.,  Cor.  Mem., 
General  Manager,  Rota  Anna  Mines,  Limited, 

Kapnikbanya,   Hungary. 

Craven,  George  W.,  Act.  Mem., 
Mining  Engineer,  Boston  and  Montana  C.  C.  and  S.  M.  Co., 

Box   1310,  Butte,  Mont. 
Draper,  Robert  M.,  Act.  Mem., 

Smelter  Foreman,  B.  and  M.  C.  C.  and  S.  M.  Co., 
Great  Falls,  Mont. 

Dickinson,  Wallace  D.,  Act.  Mem., 

Manager,  Electric  Light  Plant  and  Street  Railway, 
Great  Falls,  Mont. 

Danforth,  William,  Jr.,  Cor.  Mem., 

Civil  Engineer,  Red  Wing,  Minn. 

Darling,  William  L.,  Cor.  Mem., 

Chief  Engineer,  N.  P.  Railway,  St.  Paul,  Minn. 

Davis,  Chas.  H.,  Act.  Mem., 

Consulting  Engineer,  25  Broad  street.  New  York,  N.  Y. 

Dean,  Andrew  L.,  Act.  Mem., 

Superintendent,   Mount  Lyell  S.   and   M.   Co., 

Queenstown,  Tasmania. 
Dole,  As  her.  Cor.  Mem., 

Assistant  Engineer,   Duluth,   Superior  and  Belt  Railway, 

Superior,  Wis. 
Dodge,  Joseph  T.,  Hon.  Mem., 

Assistant  Engineer,  Duluth,  Superior  and  Belt  Railway, 

Superior,  Wis. 

Donovan,  John  J.,  Cor.  Mem., 

Superintendent,  B.  B.  and  B.  C.  R.  R.  Co. ;  Superintendent,  B.  B. 

and  Eastern  R.  R.  Co. ;  Superintendent  Blue  Canyon  Coal 

Mining  Co.,  1201  Garden  street.  New  Whatcomb,  Wash. 

Dunshee,  Bertram  H.,  Act.  Mem., 

Asst.  Manager,  A.  C.  M.  Co.'s  Mines,  Box  415,  Butte,  Monf. 
Evensen,  Lauvitz  B.,  Act.  Mem., 

Draughtsman,  Boston  and  Montana  Smelting  Co., 
Great   Falls,   Mont. 

Ellison,  James  H.,  Cor.  Mem., 

Civil   Engineer,  2>'^Z7   Stevens  avenue,   Minneapolis,   Minn. 
Foss,  Geo.  O.,  Cor.  Mem., 

Civil  Engineer,         410  East  Nineteenth  street,  Minneapolis,  Minn. 
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FrrcH.  Howard  A..  Cor.  Mem., 

Western  Agent  and  Engineer  for  Gillette-Herzog  Co., 
T-  ,,,  T     A       -.  r  Salt  Lake  City,  Utah. 
Flood,  \\  infield  J.,  Act.  Mem., 

Mining  Engineer,  Anaconda  Copper  Mining  Co., 

„  »     T      V        ̂ r  832  West  Quartz  street,  Butte,  Mont. 
Flood.  A.  J.,  Act.  ]\Iem., 

Mining  Engineer,  832  West  Quartz  street,  Butte,  Mont. 
Fuller,  Fred.  D.,  Cor.  i\Iem., 

Nichols  Chemical  Co.,  Laurel  Hill,  N.  Y. 

Greene,  Fred  T.,  Act."  Mem., 
Assistant  Geologist,  Anaconda  Copper  Mining  Co., 

„  .,.  ,        ,.  Box  1206,  Butte,  Mont. 
Gillie,  John,  Act.  Mem., 

Manager,  A.  C.  M.  Co.'s  Mines,  Butte,  Mont. 
Goodale,  Chas.  W.,  Act.  Mem., 

Manager,  Boston  and  Montana  JMining  Co.,  Butte,   Mont. 
Goodridge,  Elmer  O.,  Cor.  Mem., 

Chief  Engineer,  Lowell,  Lawrence  and  Haverhill  Street  Railway, 

Bradford,  Mass. 
Gillies,  Donald  B..  Act.  ]\Iem., 

Superintendent,  Pittsburg  and  Montana  M.  and  S.  Co., 
Butte.  Mont. 

Gerry,  Martin,  Jr.,  Act.  Mem., 

Chief  Engineer  and  General  Manager,  Missouri  River  Power  Co., 
Helena,  Mont. 

Hand,  Carleton  H.,  Act.  Mem., 

Mining  Engineer,  Butte,  Mont. 

Ha\'En,  William  A.,  Hon.  Mem., 
Inspecting  Engineer,  Erie  Railway, 

Room  10,  Erie  Railway  Depot,  Buffalo,  N.  Y. 

Harper,  Joseph  H.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Butte,  Mont. 

Harrison,  Edmund  P.,  Cor.  Mem., 

Civil  Engineer,  Martinsburg,  W.  Va. 
Harrison,  William  H.,  Cor.  Mem., 

Civil  and  Mining  Engineer,  Lima,  Peru. 
Hebgen,  Max,  Act.  Mem., 

Superintendent,  Butte  Light  and  Power  Co.;   General  Manager, 

Montana  Power  Transmission  Co.,  Butte.  Mont. 

Heinze,  F.  Aug.,  Act.  Mem., 

President  and  General  Manager,  Montana  Ore  Purchasing  Co., 

Butte.  Mont. 
Heller,  Daniel  E.,  Cor.  Mem., 

Mining  Engineer,  Calumet  and  Arizona  Co.,  Douglas,  Ariz. 

Henley,  James  H.,  Act.  Mem., 

Mining  Engineer,  Bank  Annex,   Leadville,   Col. 

Herron,  John,  Cor.  ̂ lem., 

Superintendent,  Tom  Boy  Gold  Mine,  Telluride.  Col. 

Hobaet,  Azele  E.,  Act.  Mem., 

Mining  Engineer,  Butte,  Mont. 

Horn,  Henry  J.,  Act.  Mem., 

General  Manager,   Coal  Department,  Northwestern  Improvement 

Qq  Roslyn,  Wash. 
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HovEY,  Albert  S.,  Act.  Mem., 

Civil  and  Mining  Engineer, 

Room  26,  Merchants'  National  Bank  Bldg.,  Helena,  Mont. 
Jaqueth,  Abram  L.,  Act.  Mem., 

Civil  Engineer,  Kalispell,  Mont. 

Keerl,  James  S.,  Act.  Mem., 

Civil  and  Mining  Engineer,  r  Helena,  Mont. 
KEtLEY,  Walter  S.,  Cor.  Mem., 

Manager,  New  Elkhorn  Mining  Co.,  Limited,  San  Francisco,  Cal. 
Ketchum,  Mild  S.,  Cor.  Mem., 

Professor,  University  of  Illinois,  Champaign,  111. 
King,  Ernest  W.,  Act.  Mem., 

Mining  Engineer,  Bozeman,   Mont. 
Kinney,  Edward  C,  Act.  Mem., 

General  Manager,  West  Gallatin  Irrigation  Co.,      Bozeman,  Mont. 
Klepetko,  Frank,  Act.  Mem., 

Consulting  Engineer,  loii  Maritime  Bldg.,  New  York,  N.  Y. 

Koberle,  Albert,  Act.  Mem., 
Assistant  Engineer,  Anaconda  Copper  Mining  Co., 

528  West  Mercury  street,  Butte,  Mont. 
Klepinger,  J.  H.,  Act.  Mem., 

Engineer  and  Draughtsman,  B.  and  M.  C.  C.  and  S.  M.  Co., 

Great  Falls,   Mont. 
Krejci,  Mild  W.,  Act.  Mem., 

Smelter  Foreman,  B.  and  M.  C.  C.  and  S.   M.   Co., 
Great  Falls,  Mont. 

Leonard,  N.  R.,  Act.  Mem., 
President,   Montana   School   of  Mines, 

406  West   Broadway,   Butte,   Mont. 

Leonard,  Frank  M.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Drawer  821,  Vancouver,  B.   C. 

Leggatt,  J.  Benton,  Act.  Mem., 

Mining  Engineer,  Box  83,   Butte,  Mont. 

Lloyd,  Richard  L.,  Act.  Mem., 

Superintendent'  Smelter,  Greene  Constructing,  Mining  and  Smelt- 
ing Co.,  La  Cananea,  Mexico. 

MacDonald,  Malcolm  L.,  Act.  Mem., 

Consulting  Engineer,  Pittsburg  and  Montana  M.  and  S.  Co., 

Butte,   Mont. 
MacFarlane,  James,  Cor.  Mem., 

Mining  Engineer,  Denver,   Col. 
MacGinnis,  John,  Act.  Mem., 

Vice-President,  M.  O.  P.  Co.,  Box  427,  Butte,  Mont. 
McArthur,  Robert  A.,  Act.  Mem., 

Mining  Engineer,  Parrot  Silver  and  Copper  Mining  Co., 

Box  757,  Butte,  Mont. 
McCormick,  Edmund  B.,  Cor.  Mem., 

Professor,   Kansas   Agricultural   College,  Manhattan,    Kan. 
McHenry,  Edwin  H.,  Hon.  Mem., 

St.  Paul,  Minn. 
McClean,  William  M.,  Act.  Mem., 

Mechanical  Engineer,  Lewistown,  Mont. 
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McNeill,  Edwix  R..  Act.  ]\Iem., 

Resident  Engineer,  Great  Northern  Railway,  Havre,  Mont. 
McR.\E,  FiNLEY,  Act.  ̂ lem., 

Clerk  of  First  Judicial  District  Court,  Helena,  Mont. 
McDonald.  E.  H.,  Act.  Mem., 

Professor,  School  of  Mines,  Butte,  Mont. 
Masox,  Carlisle,  Act.  Mem., 

Mechanical   Engineer,  95  Liberty  street,  New  York,  N.  Y. 
Metlex,  George  R.,  Act.  ]\Iem., 

Mining  Engineer,  Dillon,  Mont. 

Moreis,  Albert  A.,  Act.  ]\Iem., 

Civil  Engineer,  Billings,  Mont. 
MoLSox,  Chas.  a..  Cor.  Mem., 

Mining  Engineer,  Dooley  Bros.,  Salt  Lake  City,  Utah. 
MouLTHROP,  George  E.,  Act.  Mem., 

Foreman,   Pennsylvania   Mine,   Boston   and   Montana   C.    C.    and 
S.  M.  Co.,  Box  674,  Butte,  Mont. 

MuxROE,  William,  Act.  Mem., 

Civil  and  Mining  Engineer,  Box  230,  Great  Falls,  Mont. 
MooRE,  Clinton  H.,  Act.  IMem., 

Secretary,  Montana  Society  of  Engineers,  Butte,  Mont. 

Maitlaxd,  Alex.,  Jr.,  Act.  Mem.,  Butte,  Mont. 
Metlicka,  Chas.,  Cor.  ]\Iem., 

55  Kenwood  street,  Cleveland,  Ohio. 
Metcalfe,  G.  W.,  Act.  Alem., 

Blast   Furnace   Foreman,  West  Jordan,   Utah. 
Morrow,  John  T.,  Act.  ̂ lem.. 

Manager,  Greene  Consolidated  C.  M.  Co.,        La  Cananea,  Mexico. 
Pearce,  Richard  F.,  Act.  Mem., 

Mining  Engineer,  1712  Sherman  avenue,  Denver,  Col. 
Palmer,  Chas.  H.,  Act.  Mem., 

Mining  Engineer,  Boston,  Mass. 
Page,  J.  M.,  Act.  Mem., 

Civil  Engineer.  Twin  Bridges,  Mont. 
Parker,  Lewis  C,  Act.  Mem., 

Mining  Engineer,  Deer  Lodge,  Mont. 
Parker,  Maurice  S.,  Act.  Mem., 

Civil  Engineer,  Penfield,  111. 
Patterson,  Henry  M.,  Cor.  Mem., 

Architect,  327  Johnson  Bldg.,  Los  Angeles,  Cal. 
Patterson,  John  C,  Act.  Mem., 

Res.  Engineer,  Great  Northern  Railway,  St.  Paul,  Minn. 
Putnam,  Benj.  R.,  Act.  Mem., 

Chemist,  M.  O.  P.  Co.,  Butte,  Mont. 

Paine,  C.  W.,  Act.  Mem., 
Civil  and  Hydraulic  Engineer, 

Highlands,  San  Bernardino  County,  Cal. 

Reed,  Melville  E..  Cor.  jMem., 

Assistant    Engineer,    Great    Northern    Railway, 
Wellington,  Wash. 

Repath,  Chas.  H.,  Act.  Mem., 
Mechanical  Engineer,         loii  Maritime  Bldg.,  New  York,  N.  Y. 
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Ripley,  Theron  M.,  Cor.  Mem., 

Chief  Engineer  for  Ohio  Bridge  and  Ferry  Co.,      Marietta,  Ohio. 
Robinson,  George  H.,  Act.  Mem., 

Mining  Engineer,  63  Dooly  block,  Salt  Lake,  Utah. 
Ross,  Frank  A.,  Cor.  Mem., 

Rensselaer,  Ind. 
RouRKE,  Jerry,  Act.  Mem., 

Mining  Engineer  with  W.  A.  Clark,  Butte,  Mont. 

Ryon,  Augustus  M.,  Cor.  Mem., 

97  Main  street.  Flushing,  N.  Y. 
Roberts,  Robert  P.,  Act.  Mem., 

Smelter  Foreman,  B.  and  M.  C.  C.  and  S.  M.  Co., 

Great  Falls,  Mont. 
Sanders,  Wilbur  E.,  Act.  Mem., 

Mining  Engineer,  Helena,  Mont. 
Starz^  Emil  a.,  Act.  Mem., 

Analytical    Chemist,  Helena,    Mont. 

Schumacher,  Adam  J.,  Act.  Mem., 
Metallurgist,  Dillon,  Mont. 

Seligman,  Albert  J.,  Cor.  Mem., 

Civil  Engineer,  108-109  Exchange  court,  New  York,  N.  Y. 
Sizer,  Frank,  Act.  Mem., 

Mining  Engineer,  Helena,  Mont. 

Sturtevant,  Chas.  F.,  Act.  Mem., 

Smelter  Manager,  Yampa  Smelter,  Bingham,  Utah. 

Sickles,  Eugene  C,  Act.  Mem., 

Electrical  and  Mechanical  Engineer,  A.  C.  M.  Co.,      Butte,  Mont. 
Sherman,  Frederick  W.,  Cor.  Mem., 

Park  City,  Utah. 
Smith,  Forrest  J.,  Act.  Mem., 

Chief  Mineral  Clerk,  United   States  Surveyor-General's  Office, 
Helena,  Mont. 

Smith,  Frank  M.,  Act.  Mem., 
Mining  Engineer,  American  Smelting  and  Refining  Co., 

East  Helena,  Mont. 
Swearingen,  Clarence  W.,  Act.  Mem., 

City  Engineer,  Havre,  Mont. 
Strasburger,  E.  J.,  Cor.  Mem., 

Engineer,  Cerre  de  Pasco  Mining  Co.,  Oroya,  Peru. 
Sales,  R.  H.,  Act.  Mem., 

Mining  Engineer,  A.  C.  M.  Co.,  Butte,  Mont, 
Thomas,  William  C,  Act.  Mem., 

Box  815,  Salt  Lake  City,  Utah. 
Thaler,  Joseph  A.,  Cor.  Mem., 

Professor,  Perdue  University,  Lafayette,  Ind. 
Tappin,  Chas.,  Cor.  Mem., 

De  La  Mar,  Nevada,  Mining  Co.,  Delamar,  Nev. 
Taylor,  Frederick  J.,  Act.  Mem., 

Coulee  City,  Wash. 
Thorpe,  Clayton  M.,  Act.  Mem., 

Civil  Engineer  and  County  Surveyor, 

Gallatin  County,  Bozeman,  JNIont. 
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Tower,  Bert  A.,  Act.  Mem., 

Mining  Engineer,  M.   O.  P.  Co.,  Butte.   Mont. 
Tower,  George  W.,  Act.  ]\Iem., 

Geologist  and  ]Mining  Engineer,  M.  O.  P.  Co.,  Butte,  Mont. 
Turner,  H.\rry  W..  Act.  ]Mem., 

General  J\Ianager,  Butte  Lighting  and  Power  Co.,      Butte,  Mont. 
Vail,  Chas.  D.,  Act.  iNIem., 

Civil  and  Hydraulic  Engineer,  Box  561,  Butte,  Mont. 
Vail,  Richard  R.,  Act.  INIem., 

Assistant  Engineer,  A.  C.  M.  Co.,  Box  561,  Butte,  Mont. 

Vaxce,  Chas.  R.,  Act.  Mem., 

Civil  Engineer,  Folsom  City,   Cal. 

Vax  Liew,  W.  R.-\.ndolph,  Cor.  j\Iem., 
^letallurgist.  Globe,  Ariz. 

WiER,  Thomas,  Cor.  Mem., 

Consulting  and  JMining  Engineer,      Box  57,  Salt  Lake  City,  Utah. 
Williams.  William  H.,  Act.  Mem., 

Professor,  University  of  Illinois, 

501  West  California  avenue,  Urbana,  111. 
Wilsox,  Geo.  W.,  Act.  Mem., 

Civil  and  Mining  Engineer,  B.  &  M.  Co.,  Butte,  Mont. 
Wheeler,  Harry  V.,  Cor.  Mem., 

Civil  and  Mining  Engineer,  U.  S.  Department  Mining  Surveyor, 

412  East  Sixth  street,  Los  Angeles,  Cal. 
Whitcome,  Adelbert  F.,  Cor.  i\Iem., 

Assistant  Engineer,  Great  Northern  Railway,      Fairhaven,  Wash. 
Whitten,  Benj.  D.,  Act.  Mem., 

Mechanical   Engineer,  Box   56,   Great   Falls,    Mont. 
Whyte,  F.  W.  C,  Act.  Mem., 

General  Manager,  Coal  Department,  A.  C.  M.  Co., 
Anaconda,  Mont. 

Wethey,  Arthur  H.,  Act.  Mem., 

Manager,  Butte  Reduction  Works,  Butte,  Mont. 

WicKES,  Geo.  T..  Act.  Mem., 

Mining  Engineer,  Pittsburg  block,  Helena,  Mont. 
Wilsox,  Elliott  H.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Butte,   Mont. 
Winchell,  Horace  V.,  Act.  Mem., 

Geologist,  A.  C.  M.  Co.,  Butte,  Mont. 
WiSHOX,  Walter  W.,  Act.  Mem., 

Superintendent,  Speculator  Mine,  Butte,  Mont. 

Word,  William  F.,  Act.  Mem., 

Mining  Engineer,  318  Hemlock  street,  Helena,   Mont. 
Wheeler,  Archer  E.,  Act.  Mem., 

Superintendent,  Boston  and  Montana  C.  C.  and  S.  M.  Co., 
Great  Falls,  Mont. 

Wright,  Howard  J.,  Act.  Mem., 

Chemist,  Calumet  and  Arizona  Co.,  Douglas,  Ariz. 

Young,  John  W.,  Cor.  Mem., 

with  Allis-Chalmers  Co., 
160  Dashwood  House,  London,  E.  C,  England. 

Zaschke,  William,  Act.  Mem., 
Assistant  Engineer  A.  C.  M.  Co.,  Butte,  Mont. 
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Technical  Society  of  tlie  Pacific  Coast. 

Ballantyne,  a.,  Mem., 

Superintendent,  Lighthouse  Construction, 

Room  86,  Flood  Bldg.,  San  Francisco,  Cal. 
Barth_,  Hermann,  Mem., 

Architect,  508  Montgomery  street,  San  Francisco,  Cal. 
Bassell,  Burr,  Mem., 

Civil  Engineer,  Kernville,  Kern  County,  Cal. 

Behr,  H.  C,  Mem., 

Mechanical  Engineer,  Consolidated  Gold  Mines  of  South  Africa, 

Johannesburg,  South  Africa. 
Behrnd,  G.  a.,   Mem., 

Architect,  386  Sutter  street,  San  Francisco,  Cal. 

Bowers,  A.  B.,  Mem., 

Civil  Engineer,        mo  Eighth  street,  N.  W.,  Washington,  D.  C. 
BoYD^  Jos.  C,  Mem., 

Surveyor,  Sacramento,  Cal. 

Brandegee,  T.   S.,   Mem., 

Scientist,  Box  684,  San  Diego,  Cal. 
Brigham,  H.  a.,  Mem., 

Mining  Engineer,  Care  Lick  House,  San  Francisco,  Cal. 
Brodie,  Alex.  O.,  Mem., 

Civil  Engineer,  Office  of  the  Governor,  Phoenix,  Ariz. 

Brooks,  T.  W.,  Mem., 
Technologist, 

National  Tube  Co.,  420  California  street,  San  Francisco,  Cal. 
Brown,  Perry  F.,  Mem., 

Civil   Engineer,  412  East  Twenty-third  street,   Oakland,   Cal. 
Buckman,  O.  H.,  Mem.j 

Surveyor,  P.  O.  Box  84,   Napa  City,  Cal. 

Bull,  Alpheus  A.,  Mem., 

Mechanical  Engineer,  315  Howard  street,  San  Francisco,  Cal. 

BuLKLEY,  Milton,  Mem., 

Mechanical  Engineer,  Henshaw,  Bulkley  &  Co., 
Fremont  and  Mission  streets,  San  Francisco,  Cal. 

Burrage,  John  O.,  Mem., 

Draughtsman,   City  Engineer's  Office, 
City  Hall,  San  Francisco,  Cal. 

Chodzko,  a.  E.,  Mem., 

Mechanical  Engineer,  519  Mission  street,  San  Francisco,  Cal. 

Connick,  Harris  D.,  Mem., 
Civil  Engineer, 

Board  of  Public  Works,  City  Hall,   San  Francisco,  Cal. 

CoucHOT,  M.  C,  Mem., 
Civil  Engineer,  Pacific  Construction  Co., 

4  California  street,  San  Francisco,  Cal. 
Davis,  Chas.  H.,  Mem.^ 

Consulting  Engineer,  25  Broad  street.  New  York,  N.  Y. 
Day,  Geo.  F.,  Mem., 

Mechanical  Engineer,  132-34  First  street,  San  Francisco,  Cal. 
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Demeritt.  H.  L.,  Mem., 

Civil  Engineer.  United  States  Engineers  Office, 

Room  41,  Flood  Bldg.,  San  Francisco,  Cal. 
Dickie,  Geo.  W.,  Life  ]\Ieni.. 

Mechanical  Engineer,   Manager  Union   Iron  Works, 
San  Francisco,  Cal. 

Doerflixg.  R.  G.,  ̂ lem.. 

Civil  Engineer,       L^nited  States  Engineer's  Office,  Portland,  Ore. 
Dow,  Geo.  E.,  Mem., 

Mechanical  Engineer, 

Dow  Steam  Pump  Works,  114  Beale  street,  San  Francisco,  Cal. 

DuTTOX,  Harry  S.,  ]\Iem.. 

Architect,  2507  Pacific  street,  San  Francisco,  Cal. 

E.\Tox,  Frederick,  IMem., 

Civil  Engineer.  American  Bank  Bldg.,  Los  Angeles,  Cal. 

EcKERT,  H.  F.,  Mem., 

Structural  Engineer,  750  Fifty-ninth  street,   Oakland,   Cal. 
Edixger,  F.  S.,  Mem.. 

Civil  Engineer,  Bowditch  street,  Berkeley,  Cal. 

Elsemore,  W.  C,  Mem., 

City   Engineer.  Eureka,    Cal. 

Erl.xch,  Arnold  d',  ]^Iem., 
Mechanical  Engineer,     3821  Twentieth  street,  San  Francisco,  Cal. 

EvAXs,  Geo.  H.,  Life  }klem., 

Alining  Engineer,  Breckenridge,  Col. 
Falkexau,  Louis,  Mem., 

Chemist,  538   Sacramento   street,   San  Francisco,   Cal. 

Forderer,  Jos.  F.,  Assoc.  Mem., 
Metal  Worker, 

Forderer  Cornice  Works,  8  Natoma  street,  San  Francisco,  Cal. 
Forsyth,  Robert,  JNIem., 

Mechanical  Engineer,  Union  Iron  Works,         San  Francisco,  Cal. 

Gates,  H.  D.,  Mem., 

Civil  Engineer,  311  L3^on  street,  San  Francisco,  Cal. 
Giletti,  S.,  Assoc.  Mem., 

Building  Contractor, 

Fillmore  and  Bay  streets,  San  Francisco,  Cal. 
Goldsteix,  Fraxz,  IMem., 

Draughtsman,  Artist,  1812  Larkin  street,  San  Francisco,  Cal. 
Gray,  Johx  W.,  Mem., 

Civil  Engineer,  923  Linden  street,  Oakland,  Cal. 
Greub,  Adolph,  Assoc.  Mem., 

Instrument  Maker^ 

Care  A.  Lietz  Co.,  422  Sacramento  street,  San  Francisco,  Cal. 
Gruxsky,  C.  E.,  Mem., 

Civil  Engineer,        City  Engineer,  City  Hall,  San  Francisco,  Cal. 
GuTZKOw,  Fredk.,  Mem., 

Mining  Engineer,  28  Columbia  square,  San  Francisco,  Cal. 

Haas,  Edward  F.,  Mem., 

Civil  Engineer,  320  Sansome  street,  San  Francisco,  Cal. 
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Hall^  C.  I.,  Mem., 
Mechanical  Engineer,  Otis  Elevator  Co., 

509  Howard   street,    San   Francisco,    Cal. 
Hare,  Lou  G.,  Mem., 

Surveyor,  Salinas,  Monterey  County,  Cal. 
Hav^xhurst,  Robt.,  Mem., 

Civil   Engineer,  P.   O.   Box   146,   Hilo,   Hawaii. 
Hellmann,  Fredk.,  Mem., 

Mining  Engineer,  care  East  Rand  Proprietary  Mines, 
P.  O.  Box  204,  Boksburg,  South  Africa. 

Henderson,  E.  F.,  Mem., 

Civil  Engineer, 

Care  S.  F.  and  San  Joaquin  Valley  Railway,  Stockton,  Cal. 

Henny,  D.  C,  Mem., 

Civil  Engineer,  Excelsior  Wooden  Pipe  Co., 

204  Front  street,  San  Francisco,  Cal. 

Herrmann,  A.  T.,  Mem., 

Civil   Engineer,  San   Jose,    Cal. 
Herrmann,  Chas.,  Mem., 

Surveyor,  San  Jose,   Cal. 
Herrmann,  F.  C,  Mem., 

Civil  Engineer, 

Care  City  Engineer,  City  Hall,  San  Francisco,  Cal. 
Hesse,  Fredk.  G.,  Mem., 

Professor,   University  of   California, 

P.   O   Box  452,   Oakland,   Cal. 
Heuer,  Col.  Wm.  H.,  Mem., 

Corps  of  Engineers,  United  States  Army, 

Room  41,  Flood  Bldg.,  San  Francisco,  Cal. 

Hewitt,  Edw.  T.,  Mem., 

Instructor,  619  Capp  street,   San  Francisco,  Cal. 

Hicks,  L.  A.,  Mem., 

Civil  Engineer,  2631  Benvenue  avenue,  Berkeley,  Cal. 

Hindes,  Stetson  G.,  Mem., 

Civil  Engineer,  Atlantic,  Gulf  and  Pacific  Co., 

226  Market  street,  San  Francisco,  Cal. 

Hoadley,  Mild,  Assoc.  Mem., 

Builder,  United   States  Engineer's  Office, 
Fort  Point,  Presidio,  San  Francisco,  Cal. 

Hobson,  J.  B.,  Mem., 

Mining  Engineer,  Quesnelle  Forks,  British  Columbia. 

Hoffmann,  Chas.  F.,  Mem., 

Mining  Engineer, 

Care  Ross  E.  Browne,  Nevada  block,  San  Francisco,  Cal. 
Hollister,  John  J.,   Mem., 

Civil  Engineer,  Providence  Consolidated  Gold  Mining  Co., 
Carters,  Tuolumne  County,  Cal. 

Hopps,  John  H.,  Mem., 
Mechanical  Engineer, 

Room  611,  330  Market  street,  San  Francisco,  Cal. 
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Hughes.  D.  E.,  !Mem., 
Civil  Engineer, 

United  States  Engineer's  Office,  Box  416,  San  Diego,  Cal. 
Hunt,  Lorex  E.,  Mem., 

Civil  Engineer,  University  of  California,  Berkeley,  Cal. 

Irving,  Samuel  C,  Assoc.  ]\Iem., 

Manufacturer,  Paraffine  Paint  Co., 

24  Second  street,  San  Francisco,  Cal. 

Jackson,  B\'ron,  ]\Iem., 
Mechanical  Engineer,  411  Market  street,  San  Francisco,  Cal. 

Jacobs^  Joseph,  Mem., 
Civil  Engineer,    Southern   Pacific  Co., 

4  ]\Iontgomery  street,  San  Francisco,  Cal. 
Jones,  Edw.  C,  Mem., 

Mechanical   Engineer,  630  Rialto  Bldg.,   San   Francisco,   Cal. 
Keatinge,  Richard,  Assoc.  Mem., 

Builder,  Builders'  Exchange, 
40  New  Alontgomery  street,   San  Francisco,  Cal. 

Kellogg,  H.  Clay.  Mem., 

Civil  Engineer,  Santa  Ana,  Cal. 
Kempkey,  a.,  Mem., 

Civil  Engineer,  980  Sixth  avenue.  East  Oakland,  Cal. 
KiEFFER,  Stephen  E.,  Mem., 

Civil  Engineer,  Sutter  Club,   Sacramento,  Cal. 

Kind,  Morris,  Mem.. 

Engineer,  Pacific  Portland  Cement  Co.,  Suisun,  Cal. 
Klltigel,  C.  H.,  Mem., 

Civil  Engineer,  P.  O.  Box  796,  Honolulu,  H.  I. 

Knowles,  F.  E.,  Assoc.  Mem., 

Builder,  Builders'  Exchange, 
40  New  Montgomery  street,  San  Francisco,  Cal. 

KoETiTZ,  F.  A.,  Mem., 

Civil   Engineer,    Pacific   Construction    Co., 

4  California  street,  San  Francisco,  Cal. 
Kower,  Hermann,  Mem., 

Professor,  University  of  California,  Berkeley,  Cal. 
Kurtz,  Charles  M.,  Mem., 

Civil  Engineer,  Care  W.  E.  Marsh,  Ogden,  Utah. 
Larkin,  Harry,  Assoc.  Mem., 

Manufacturer, 

Standard  Roofing  Co.,  35  Post  street,  San  Francisco,  Cal. 
Le  Conte,  L.  J..  Mem., 

Civil  Engineer,  P.  O.  Box  492,  Oakland,  Cal. 
Leonard,  John  B.,  Mem., 

Civil  Engineer,  608  Crossley  Bldg.,  San  Francisco,  Cal. 

Lietz,   Adolph,   Mem., 

Instrument  Maker,  A.  Lietz  &  Co., 

422  Sacramento  street,  San  Francisco,  Cal. 
List,  Charles,  Mem., 

Civil  Engineer, 

Hotel  Lenox,  628  Sutter  street,  San  Francisco,  Cal. 
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LivERMORE,  Norman  B.,  Mem., 

Civil   Engineer,  Rialto   Bldg.,    San   Francisco,    Cal. 

Ludlow,  Jas.  T.,  Mem., 

Mechanical  Engineer, 

Room  512,  330  Market  street,   San   Francisco,   Cal. 
Mahoney,  John  J.,  Assoc.  Mem., 

Builder,  200  Crocker  Bldg.,  San  Francisco,  Cal. 

Manson,  Marsden,  Mem., 

Civil  Engineer,  Board  of  Public  Works, 

City  Hall,  San  Francisco,  Cal. 
Marx,  Chas.   D.,   Mem., 

Professor,  Leland  Stanford,  Jr.,  University,  Palo  Alto.  Cal. 
McBean,  p.  McG.,  Assoc.  Mem., 

Manufacturer,  Rialto  Bldg.,   San  Francisco,  Cal. 

McCone,  Alex.  J.,  Assoc.  Mem., 

Manufacturer,   Fulton  Foundry,  Virginia   City,   Nev. 

McCann,  Richard,  Assoc.  Mem., 

Building  Contractor,  217  Waller  street,  San  Francisco,  Cal. 

McMillan,  J.  G.,  Mem., 

County  Surveyor,  San  Jose,  Cal. 

McNicoLL,  A.  J.,  Mem., 

Mechanical  Engineer,  204  Second  street,  San  Francisco,  Cal. 

McPhee,  Daniel,  Assoc.  Mem., 

Builder,         Nineteenth  and  Harrison  streets,  San  Francisco,  Cal. 

Medina,  Frank  P.,  Mem., 

Electrical  Engineer  and  Attorney,  Postal  Telegraph  Co., 

Hobart  Bldg.,  San  Francisco,  Cal. 
Meese,  Constant,  Mem., 

Mechanical  Engineer,  129  Fremont  street,  San  Francisco,  Cal. 
Merrill,  E.  H.,  Mem., 

Technologist,    Standard   Oil   Co., 

Rialto  Bldg.,  San  Francisco,  Cal. 
Meyer,  Hermann,  Mem., 

Mining   Engineer,  1190   Eddy   street,    San    Francisco,    Cal. 
Molera,  E.  J.,  Life  Mem., 

Civil   Engineer,  207   Sansome   street,    San    Francisco,    Cal. 
Moore,  R.  S.,  Mem., 

Mechanical  Engineer,  Risdon  Iron  Works,       San  Francisco,  Cal. 
MoRRiN,  Thos.,  Mem., 

Mechanical  Engineer,  Mills  Bldg.,  San  Francisco,  Cal. 
Mortimer,  Jas.  D.,  Mem., 

Electrical  Engineer,  Puget  Sound  Power  Co., 

National  Bank  of  Commerce  Bldg.,  Tacoma,  Wash. 

Myers,  R.  W.,  Mem., 

Electrical  Engineer,      Room  89,  Flood  Bldg.,  San  Francisco,  Cal. 
Nichols,  Geo.  W.,  Mem., 

Electrical    Engineer,  Round    Mountain,    Cal. 

Noble,  Harry  A.,  Mem., 

Civil  Engineer,  Southern  Pacific  Co., 

4  Montgomery  street,  San  Francisco,  Cal. 
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Noble.  Patrick,  IMern., 

Mechanical  Engineer,  Successor  to  Pacific  Rolling  Mills, 

519  Mission  street,  San  Francisco,  Cal. 
NoRBOE,  Paul  M.,  Mem., 

Civil  Engineer,  Hanford,  Kings  County,  Cal. 

O'Shaughnessey,  'M.  ̂ L,  ̂ leni., 
Civil  Engineer,  Mill  Valley,  Marin  County,  Cal. 

Owens.  James  M.,  Mem., 

Draughtsman,  City  Engineer's  Office, 
City  Hall,  San  Francisco,  Cal. 

PiDGE,  Wm.  C,  ]Mem., 

Surveyor.  City  Engineer's  Office,     City  Hall,  San  Francisco,  Cal. 
Power,  Geo.  C,  Alem., 

Civil  Engineer,  San  Buenaventura,  Ventura  County,  Cal. 
Power,  H.\rold  T.,  !Mem., 

Mining  Engineer,  Michigan  Bluff,  Cal. 
Prutzmax,  Paul  W.,  Mem., 

Chemist,  Pacific  Refining  and  Roofing  Co., 

Sixteenth  and  ̂ Mississippi  streets,  San  Francisco,  Cal. 
QuiMBY,  Leox  S.,  Mem., 

Civil  Engineer,  39  Seventh  avenue,  San  Francisco,  Cal. 
Randall,  H.  I.,  Mem., 

Civil  Engineer, 

Care  Wm.  Hood,  Chief  Engineer  Southern  Pacific  Co., 

4  ]\Iontgomery  street,  San  Francisco,  Cal. 
R.\ndle,  Geo.  N.,  ;Mem.. 

Civil  Engineer,  State  Board  Public  Works,  Sacramento,  Cal. 
Ransom,  Tom  W.,  Mem., 

Mechanical  Engineer, 

Room  611,  330  Market  street,  San  Francisco,  Cal. 
Reid,  Jas.  W.,  Mem., 

Architect,  Reid  Bros.,  "Call"  Bldg.,  San  Francisco,  Cal. 
RiCH.VRDS,  John,  Mem., 

Mechanical  Engineer,        22  California  street,  San  Francisco,  Cal. 

RiCKON,  F.  J.  H.,  Mem., 

Civil   Engineer,   Quartermaster's   Department,   U.    S.   A., 
236  Phelan   Bldg.,   San   Francisco,   Cal. 

Ridley,  A.  E.  Brooks,  Mem., 
Electrical  Engineer, 

Parrott  Bldg.,  Fifth  Floor,  San  Francisco,  Cal. 

Riffle,  Franklin,  ]Mem., 

Civil  Engineer,  care  Dunham,  Carrigan  &  Hayden  Co., 
17  Beale  street,   San  Francisco,  Cal. 

Rossovv,  Ernest  F.,  Mem., 

Draughtsman,  Vallejo,    Cal. 
Sanborn,  A.  H.,  Mem., 

Surveyor,  632  Post  street,  San  Francisco,  Cal. 

Sanfoi:d,  Oliver  N.,  Mem., 

Civil  Engineer,  City  Engineer's  Office, City  Hall,  San  Francisco,  Cal. 
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ScHiLD,  Edw.  T.,  Assoc.  Mem., 
Manufacturer,  Gundlach-Bundschu  Wine  Co., 

438  Bryant  street,   San  Francisco,  Cal. 
ScHiLD,  Geo.  F.,  Mem., 

Naval  Architect,  Vallejo,   Solano  County,  Cal. 
ScHiNDLER,  A.  D.,  Mem., 

Civil  Engineer,  Care  Sante  Fe  Railway,  Fresno,  Cal. 
ScHULZE,  Henry  A.,  Mem., 

Architect,  iioi   Hay  ward  Bldg.,   San  Francisco,  Cal. 
Schuyler,  J.  D.,  Mem., 

Civil  Engineer,  401  Douglas  Bldg.,  Los  Angeles,  Cal. 
Smith,  Thomas,  Mem., 

Architect,  Room  86,  Flood  Bldg.,  San  Francisco.   Cal. 
Smith,  Wm.  P.,  Mem., 

Civil  Engineer,  1017  Monadnock  Bldg.,  Chicago,  111. 
Smyth,  W.  H.,  Mem., 

Mechanical  Engineer,       loi   Sansome  street,  San  Francisco,  Cal. 

Stewart,  Col.  C.  Seaforth,  Hon.  Mem., 

United  States  Army   (Retired), 
Ocean  View  House,  Siasconset,  Mass. 

Stone,  Gen.  Geo.,  Assoc.  Mem., 
Manufacturer, 

Pacific  Portland  Cement  Co.,  Rialto  Bldg.,  San  Francisco,  Cal. 
Storey,  W.  B.,  Jr.,  Mem., 

Civil  Engineer,  Chief  Engineer,  Atchison,  Topeka  and  Sante  Fe 
Railway,    Co., 

528  Crossley  Bldg.,  San  Francisco,  Cal. 
St.  Maurice,  Chas.  Albert  de,  Mem., 

Civil  Engineer,  Box  2>2t,  Colusa,  Cal. 

Taussig,  Rudolph  J.,  Assoc.  Mem., 

Merchant,  26-28  Main  street,  San  Francisco,  Cal. 
Taylor,  L.  H.,  Mem., 

Civil  Engineer,  United  States  Geological  Survey,  Reno,  Nev. 
Temple,  Fred.  A.,  Mem., 

Civil   Engineer,    City   Engineer's   Office, 
City   Hall,    San   Francisco,    Cal. 

Thompson,  Lawrence,  Mem., 
Civil   Engineer, 

Renton  Hotel,  712  Sutter  street,  San  Francisco,  Cal. 
Tower,  Morton  L.,  Mem., 

Civil  Engineer,  United  States  Engineer's  Office,       Empire,  Ore. 
Uhlig,  Carl,  Mem., 

Civil  Engineer,  State  Harbor  Commission, 
Ferry  Bldg.,  San  Francisco,  Cal. 

ViscHER,  Hubert,  Mem., 

Civil  Engineer,  California  Debris  Commission, 
Room  96,  Flood  Bldg.,  San  Francisco,  Cal. 

VoN  Geldern,  Otto,  Mem., 

Civil  Engineer,  89  Flood  Bldg.,  San  Francisco,  Cal. 
Waggoner,  W.  W.,  Mem., 

County  Surveyor,  Nevada  City,  Cal. 
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Wagoner,  Luther,  IMem., 

Civil  Engineer,  849  Chestnut  street,   San  Francisco,  Cal. 
Walker^  J.  S.,  Mem., 

Chief  Engineer,  Existing  Lines,  Railway  Department, 
Perth,  West  Australia. 

Wallace,  John  H.,  JNIem., 

Civil  Engineer,   Southern  Pacific  Co., 

4  INIontgomery  street,  San  Francisco,  Cal. 
Wallis,  Geo.  H.,  !Mem., 

^lechanical  Engineer,  American  Steel  and  Wire  Works, 
Sixteenth  and  Folsoni  streets,   San  Francisco,   Cal. 

Welsh,  J.  J.,  ̂ lem., 

Architect.  95    Flood   Bldg.,    San    Francisco,   Cal. 

\\"epfer,  G.  W.,  Mem., 
Mechanical  Engineer, 

66  Vassall  road,  Brixton,  London,  S.  W.,  England. 
Wetmore^  Geo.   P.,  Assoc.   jNIem., 

Concrete  Builder, 

Lombard  and  ̂ Montgomery  streets,  San  Francisco,  Cal. 
WiXG,  Chas.  B.,  ;Mem., 

Professor,  Leland  Stanford,  Jr.,  University,  Palo  Alto,   Cal. 

Wolf,  J.  H.  G.,  Mem., 
Civil  Engineer,  Room  89,  Flood  Bldg.,  San  Francisco,  Cal. 

Wright,  Geo.  A.,  ]\Iem., 

Architect,  Merchants'  Exchange  Bldg.,  San  Francisco,  Cal. 
Y.\LE,  Chas.  G.,  Mem., 

^Mining  Engineer,  United  States  iNIint,  San  Francisco,  Cal. 
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Detroit  Engineering  Society.* 

Allen,  John  R., 
Ann  Arbor,  ̂ lich. 

Ames,  Jos.  H., 

American  Car  and  Foundry  Co., 

6ii  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Barcroft,  F.  T., 

407  Ferguson  Bldg.,  Detroit,  ]\Iich. 
Barnes,  S.  G., 

210  Gr.  Boulevard,  Detroit,  ]\Iich. 
Beardsley,  J.  W., 

Consulting  Engineer  to  the  Commission,  Philippine  Islands. 
Bigler,  F.  S., 

Michigan  Bolt  and  Nut  Works,  Detroit,  Mich. 
Bingham,  E.  H., 

BiSSEL,  H.  S., 

BixBY,  Maj.  W.  H., 

Blauvelt,  Warren  S. 

bothfeld,  c.  c, 

Bratton,  E.  E., 

Brinkerhoff,  W.  E., 

Brown,  M.  L., 

Solvay  Process  Co.,  Detroit,  Mich. 

care  Shaw-Kendall  Engineering  Co.,  Toledo,  Ohio. 

U.   S.   Engineer's   Office,   Detroit',  Mich. 

Grosse  Isle,  Mich. 

34  Home  Bank  Bldg.,  Detroit,  Mich. 

Water  Office,  Detroit,  Mich. 

Detroit  Plant,  American  Bridge  Co.,  Detroit,  Mich. 

821  Chamber  of  Commerce,  Detroit,  Mich. 
BURDICK,  E.  J., 

Superintendent  Motor  Power,  D.  U.   Railway, 
St.  Antoine  and  Woodbridge  streets,  Detroit,  Mich. 

Burton,  Chas.  F., 
12  Hodges  Bldg.,  Detroit,  Mich. 

Calder,  Chas.  B., 

Cederstrom,  E., 

Colburn,  B.  S., 

Colby,  A.  L., 

Coll  a  more,  R., 

Conant,  Wm.  S.^ 

cooley,  m.  e., 

Detroit  Shipbuilding  Co.,  Detroit,  Mich. 

Puritan  Bldg.,  Detroit,  Mich. 

Canadian   Bridge  Works,   Walkerville,  Ont. 

Canadian   Bridge   Co.,   Ltd.,   Walkerville,  Ont. 

Washington  Arcade,  Detroit,  Mich. 

36  Moffat  Block,  Detroit,  Mich. 

Ann  Arbor,  Mich. 

*In  default  of  the  usual  manuscript,  giving  the  occupations  of  members,  the  follow- 
ing list,  for  the  Detroit  Engineering  Society,  has  been  copied  from  the  mailing  list.^ 

Secretary,   Ass'n   of   Eng.    Socs. 
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Courtis.  W.  M., 

Davis.  Jos.  B.. 

Dexisox.  Chas.  S.. 
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DiERKES.    A.    F.. 

Dixox,  Chas.  Y.. 

Dow,  Alex.. 

Douglas,  Bexj.. 

DuBois.  Howard  M., 

Dunlap^  Fraxk  ]M., 

412  Hammond  Bldg.,  Detroit,  Mich. 

731  South  Ingalls  street,  Ann  Arbor,  Mich. 

502  East  Huron  street,  Ann  Arbor,  Mich. 

Water  Office,  Detroit,  Mich. 

Amherstburg,  Ont. 

Edison  Illuminating  Co.,  Detroit,  Mich. 

Bridge  Department,  M.  C.  R.  R.,  Detroit,  Mich. 

Engineer,  Penna.  Salt.  Mfg.  Co.,  Wyandotte,  Mich. 

57  Selden  avenue,  Detroit,  Mich. 
DuPoxT,  A.  B., 

Second  \'ice-President,  St.  Louis  Transit  Co.,  St.  Louis,  Mo. 
Fexkell.  Geo.  H., 

Care  Water  Office,  Erie,  Pa. 
Field,  H.  G., 

Flvxx.  W.  H., 

Galwev.  J.  H., 

Graves.  W.  J., 

Greene.  A.  E., 

Gree.v,  Andrew  H..  Jr., 

Green,  R.  B.. 

Gunnison,  Hugh  B.. 

Haskell,  E.  E., 

Hawks,  James  D., 

Herbert,  C.  G., 

Hewitt,  Edgar, 

Hinchman,  T.  H.,  Jr., 

Hodge,  Harry  S., 

Hubbell,  C.  W  . 

II 

Washington  Arcade,  Detroit,  Mich. 

114  East  avenue,  Jackson,  Mich. 

Old  Federal  Bldg.,  Detroit,  Mich. 

Lake  Surve}^  Office,  Campau  Bldg.,  Detroit,  Mich. 

415  East  William   street,  Ann   Arbor,  Mich. 

Solvay  Process  Co.,  Detroit,  Mich. 

Care   Solvay   Process   Co.,   Detroit,  Mich. 

Edison  Illuminating  Co.,  Detroit,  Mich. 

Campau  Bldg.,  Detroit,  Mich. 

999  Jefferson  avenue,  Detroit,  Mich. 

303  Hubbard  avenue,  Detroit,  Mich. 

Wafer  Office,  Detroit,  Mich. 

Washington  Arcade,  Detroit,  Mich. 

Riverside  Iron  Works,  Detroit,  Mich. 

Water  Office,  Detroit,  Mich. 
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Ives.  V.  S., 

60  Congress  street,  East,  Detroit,  }^lich. 
Johnson,  H.  F., 

U.    S.    Lake    Survey,    Campau   Bldg.,    Detroit,    Mich. 
Kahn,  Julius, 

Trussed   Concrete   Steel   Co.,    Union   Trust   Bldg.,   Detroit.  ]\lich. 
Kales,  W.  R., 

Care  of  Whitehead  &  Kales  Iron  Works,  Detroit,  Mich. 
Keep,  W.  J., 

753  Jefferson  avenue,  Detroit,  Mich. 
King,  H.  G., 

King,  W.  C, 

Kirey,  Frank  E., 

Lane,  Horace  H., 

Lewis,  J.  F., 

Little,  F.  A., 

Box  557,  Detroit,  Mich. 

61  Leicester  court.   Station  A,  Detroit,  Mich. 

555  Woodward  avenue,  Detroit,  Alich. 

1014  Union  Trust  Bldg.,  Detroit,  Mich. 

912  John  R  street,  Detroit,  Mich. 

212  Garfield  Bldg.,   Cleveland,  Ohio. 
LiVSEY,   T.  H., 

Manager,  General  Electric  Co., 

1434  Majestic  Bldg.,  Detroit,  Mich. 
Livingstone,  W.  A. 

McMath,  F.   C, 

Mason,  F.  H.. 

Maxwell,  David, 

Maurice,  W.  B., 

McCkickhtt,  T.  F., 

Moliior,  David  A., 

M01.ITOR.  Edw., 

MORLEY,    H.    T., 

McDonald,  Wm.  F., 

Box  555,  Detroit,  Mich. 

Canadian    Bridge   Co.,   Ltd.,   Walkerville,  Ont. 

79  Moffat  Bldg.,  Detroit,  Mich. 

East   street,  Oakmont,   Pa. 

1285  Jefferson  avenue,  Detroit,  Mich. 

Russel  Wheel  and  Foundry  Co.,  Detroit,  Mich. 

125  Harney  street,  Fond  du  Lac,  Wis. 

U.   S.  Lake  Survey  Office,  331  Campau  Bldg.,  Detroit,  Mich. 

50   Peterboro   street,  Detroit,  Mich. 

1440  Majestic  Bldg.,  Detroit,  Mich. 
Miller,  Theo.  L., 

Wormer  Machinery  Co.,  97  Woodbridge  street,  Detroit,  Mich. 
Nagelvoork,  Benj., 

Northern  Engineering  Works,  Detroit,  Mich. 
Nicio-IN,  E.  W., 

Northern   Engineering   Works,  Detroit,  Mich. 

O'Hara,  Chas.  J., 
Wormer  Machinery  Co.,  07  Woodbridge  street,  Detroit,  Mich. 
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Parks,  George  E.. 

593  West  Boulevard,   Detroit,  Mich. 
Parks.  B.  E., 

C.  C.  Wormer  Machine  Co.,  Detroit,  Mich. 
Pentox,  Henry, 

Chief  Engineer,   Great  Lakes   Engineering   Co.,   Detroit',  Mich. 
Pextox,  Johx  A., 

"The   Foundr}-,"   907  Hammond   Bldg.,   Detroit,  Mich. 
Pessaxo,  Antoxio  C, 

President,   Great  Lakes  Engineering  Co.,  Detroit,  Mich. 
Pettee,  \V3.[.  H., 

Ann  Arbor,  Mich. 
Pfelps,  W.ai.  J., 

Z2,   State   street,   Detroit,  Mich. 
Phillips,  Ii.  F.. 

iS  Washington  avenue,   Detroit,  Mich. 
PiFJisox,  Geo.    S., 

Kalamazoo,  Mich. 
POHT.,    C.    A., 

U.   S.  Lake  Survey,   Old  Post  Office  Bldg.,  Detroit,  Mich. 

Pope,  \\"ill.a.rc, 
Canadian  Bridge  Co.,  Walkerville,  Ont. 

Porter,   George  F., 

Potter,  Harry  W., 

Proctor,  R.  F., 

r.\thb0ne,  johx  a., 

Raymoxd,  A.  B., 

•     Canadian  Bridge  Co.,  Walkerville,  Ont. 

Diamond  Stamped  Ware  Co.,  Detroit,  Mich. 

702  Fuller  Bldg.,  New  York,  N.  Y. 

Superintendent,  U.    S.   Heater  Co.,   Detroit,  Mich. 

Health  Office,  Detroit,  Mich. 
ROEERTSOX,   W.    M., 

Mechanical  Engineer,   care  Parke,  Davis  &  Co.,  Detroit,  Mich. 
Roiuxsox.  Geo.  A., 

City  Engineer's   Office,   Detroit,  Mich. 
Rlssel,  Walter  S.. 

Care  Russel  Wheel  and  Iron  Foundry  Co.,  Detroit,  Mich. 

Rutherford,  Gordox, 

297  West  Gr.  Boulevard,  Detroit,  Mich. 
Rvssell,  C.  W.. 

Care  Russel   Wheel  and  Iron   Foundry  Co.,   Detroit,  Mich. 

S.-.Eix.  L.  C, 

U.   S.  Engineer's  Office,   Sault  Ste.   Marie,  Mich. 
Sadler,  Herbert  C. 

University  of  Michigan,   Ann   Arbor,  Mich. 
Saxders,  J.  D., 

107   Boston   Boulevard,   Detroit,  Mich. 

Sco.TT,  William, 
697  Fourteenth  avenue,  Detroit,  Mich. 

-Shattuck,  a.  F., 
Solvay  Process   Co.,   Detroit,  Mich. 
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Shaw,  Leonard. 

III2  Union   Trust   Bldg.,  Detroit, 

26  Campau  Bldg.,  Detroit, 

Room  M-14,  220  Broadway,  New  York, 

American  Blower  Co.,  Detroit, 

Pelham  Manor, 

131   Lafayette  avenue,  Detroit, 

Bridge  Department,  M.  C.  R.  R.,  Detroit, 

Shenei-ion,  Francis   C, 

Smith,  Jesse  M., 

Still,  F.  R., 

Tati.och,  Jas.  L., 

TippEY,  B.  O., 

Tuthill,  Geo.  C. 

TuTHiLL,  Joe, 

Bridge  Engineer,  Pere  IMarquette  R.  R.,  Detroit, 

Uesdell,  John  A.,  Jr., 
Great  Lakes  Engineering  Co.,  Detroit, 

Van  Tuyl,  F.  P., 

Warner,  Jas.  T., 

Weil,  C.  L., 

Wheeler,  E,  S., 

Williams,  G.   S.^ 

Wisner,  Geo.  Y., 

Wkentmore,  C.  G., 

Zealand,  Theodore, 

ZiWET,  Alexander, 

1 1 12  Union  Trust  Bldg.,  Detroit, 

Whitehead  &  Kales  Iron  Works,  Detroit, 

Agricultural   College   P.   O., 

U.  S.  Engineer's  Office,  Jones  Bldg.,  Detroit, 

109  Valentine  Place,  Ithaca, 

39  Canfield  avenue.  West  Detroit, 

933  Forest  avenue,  Ann  Arbor, 

Engineering  Department.   M.   C.  R.   R.,  Detroit, 

644  South  Ingalls  street,  Ann  Arbor, 

Mich. 

Mich. 

N.  Y. 

Mich. 

N.  Y. 

Mich. 

Mich. 

Mich. 

Mich. 

Mich. 

Mich. 

Mich. 

Mich. 

N.  Y. 

Mich. 

Mich. 

Mich. 

Mich. 
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Alversox.  Harry  B.,  }klem.. 

Superintendent.  Cataract  Power  and  Conduit  Co., 

714  Fidelity  Bldg.,  Buffalo,  N.  Y. 
Badcock.  Charles  E.  P..  Mem., 

Assistant  Engineer,  Department  of  Public     Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Bapst,  Fraxk  L.,  INIem., 

Contractor,  306  D.  S.  Morgan  Bldg.,  Buft'alo,  N.  Y. 
Bardol,  Fr.\nk  V.  E.,  i\Iem., 

Consulting  and  Contracting  Engineer, 

400  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
Bassett^  George  B.,  jNIem., 

President  and  ̂ lanager,  Buft'alo  JNIeter  Co., 
290  Terrace,  Buffalo,  N.  Y. 

Bexxett,  Leslie  J.,  Assoc, 

Secretary,  Buft'alo  Cement  Co.,  no  Franklin  street,  Buffalo,  N.  Y. 
Boardman,  Charles  S.,  Alem., 

Division  Engineer,  Lackawanna  Steel  Co.,  Buffalo,  N.  Y. 
Brackexridge,  Wm.  A.,  Mem., 

Consulting  Engineer,  Niagara  Falls  Power  Co.,  Niagara  Falls,  N.  Y. 
Bcrgard,  Hexry  p.,  Assoc, 

Contractor.  25  Lathrop  street,  Buft'alo,  N.  Y. 
BuscH,  Charles  V.,  Mem., 

Private  Practice^  Mooney  Bldg.,   Buffalo,    N.   Y. 
BuscH,  George  M.,  Mem.. 

Private  Practice,  ^looney  Bldg.,   Buffalo,   N.   Y. 
BuTTOLPH^  Harry  T.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Caixes,  Albert  W..   Assoc, 

Contractor,  528  East  Utica  street,  Buffalo,  N.  Y. 
Carltox,  Newcomb.  Mem.. 

Vice-President,  Bell  Telephone  Co.,  Buffalo,  N.  Y. 
Clark,  Hexry,  Mem., 

Contractor,  Room  2,  31  Church  street,  Buffalo,  N.  Y. 
Chamberlaix,  Horace  P.,  ̂ lem.. 

General  Manager,   Standard  Oil   Co., 

P.  O.  Drawer  959,  Buffalo,  N.  Y. 
Dark,  Samuel  J.,  Assoc, 

Contractor,  306  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
Davis,  Charles  Hexry,  IMcm., 

Private  Practice,  924-25  Broad  street.  New  York,  N.  Y. 
Decrow,  David  Augustus,  Mem., 

Designing  Engineer  for  Hollj^  ̂ Manufacturing  Co., 
Buffalo,  N.  Y. 

DiEHL,  George  C.  Mem., 

Private  Practice,  575  Ellicott  Square,  Buffalo,  N.  Y. 

EiGHMY,  Lee  W..  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buft'alo,  N.  Y. 
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Elias,  Abraham  J.,  Assoc, 

Wholesale  Lumber,  943  Elk  street,  Buffalo,  N.  Y. 
Ellsworth,  John  F.,  Mem., 

Private  Practice,  Franklin  and  Eagle  streets,  Buffalo,  N.  Y. 

Fairchild,  Dennison,  Mem.. 
Private  Practice,  1052  Ellicott  Square,  Buffalo,  N.  Y. 

Feist,  John,  Assoc, 

Contractor,  in  Ash  street,  Buffalo,  N    Y. 

Fell,  Charles  F.,  Mem., 

Assistant  Engineer,  Department  of  Public  Woi'ks, 

^  e  T    ̂ /r  13  City  Hall,  Buffalo,  N.  Y. Fields,  Samuel  J.,  Mem., 

Consulting  Engineer,  927  Maryville  avenue,  St.  Louis,  Mo. 
Foster,  Horatio  A.,  Mem., 

Consulting  Engineer,  650   Bullitt   Bldg.,   Philadelphia,    Pa. 

Franklin^  William,  Assoc, 

Contractor,  699  Seventh  street,  Buffalo,  N.  Y. 
Franklin,  James,  Jun., 

Rod  and  Axeman,  Grade  Crossing  Commission, 

^  ..  ^  ^       ̂ ^  699  Seventh  street,  Buffalo,  N.  Y. 
Fruauff,  George  Ph.,  Mem., 

Leveler,  Department  of  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Gardiner,  Mathew^  S.,  Jun., 

Rod  and  Axeman,  Grade  Crossing  Commission, 

144  Seventh  street,  Buffalo,  N.  Y. 
Gaskin,  Edward  F.,  Mem., 

Marine  Architect  and  Surveyor, 

705  Ellicott  Square,  Buffalo,  N.  Y. 
Gipp,  Louis  H.,  Assoc, 

Contractor,  531  Ellicott  Square,  Buffalo,  N.  Y. 
Golden,  Walter  L.,  Mem., 

Inspecting  Engineer,  Osborne  Engineering  Co., 

436  Ellicott  Square,  Buffalo,  N.  Y. 
Guthrie,  Edward  B.,  Mem., 

Chief  Engineer,  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,  N.  Y. 
Hammond,  Richard,  Mem., 

President,   Lake  Erie  Engineering  Works,  Buffalo,   N.   Y. 
Harrower,  Horatio  C,  Mem., 

Iron  and  Steel  Contractor,  35  Court  street,  Buffalo,   N.  Y. 

Haven,  William  A.,  Mem., 

Inspecting  Engineer,  Erie  Railroad, 

533  Ellicott  Square,  Buffalo,  N.  Y. 
Haven,  William  Roscoe,  Mem., 

Engineer  and  Contractor,      490  South  Park  avenue,  Buffalo,  N.  Y. 
Hill,  Herbert  M.,  Mem., 

University  of  Buffalo,  24  High  street,  Buffalo,  N.  Y. 

Hoffman,  Alexander  W.,  Mem., 
First  Assistant  Engineer,  Department  of  Public  Works, 

„  ,,,  „     ,,  13  City  Hall,  Buffalo,  N.  Y. Houck,  William   G.,   Mem., 
Secretary  and  Treasurer,  Buffalo  Structural  Steel  Co., 

247  Norwood  avenue,  Buffalo,  N.  Y. 
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HuEBELL.  George  S.,  !Mem., 

Assistant  Engineer,  North  German  Lloyd  Docks,  Hoboken,  N.  J. 
HuxTixGTOX,  Emmet  W.,  Assoc, 

Contractor.  Buffalo,  N.  Y. 
JoHxsox,  Wallace  C,  Mem., 

Consulting  Hydraulic  Engineer,  Niagara  Falls,  N.  Y. 
JoHxsTox,  Wilbur  H.,  Mem., 

Assistant    General    Manager,    Frontier    Telephone    Co., 

332  EUicott  street,  Buffalo,  N.  Y. 
KiELLAXD.  SoREX  MuxcH,  i\Iem., 

Civil  Engineer,  Buffalo  Creek  Railroad, 

351  Humboldt  Parkway,  Buffalo,  N.  Y. 
KxApp.  Louis  H..  }*Iem., 

Consulting  Engineer,  336  Ellicott  Square,  Buffalo,  N.  Y. 
KuHX.  Joseph,  Mem., 

Engineer.  Niagara  Falls  Foundry,  Niagara  Falls,  N.  Y. 
Lamme.  Wm.  H.,  Assoc, 

Frontier  Telephone  Co.,  2>2>-  Ellicott  street,  Buffalo,  N.  Y. 
Lewis.  Clarexce  Chas.,  Mem., 

General   Electric  Co.,  Schenectady,  N.   Y. 
LuFKix^  Elgood  C,  Mem., 

^Manager,  Snow  Steam  Pump  Works, 

ISO  West  North  street,  Buffalo,  N.  Y. 
Lyox^  Hexry  L.,  ]\rem.. 

Deputy  Water  Commissioner,   Department  of  Public  Works, 

Municipal  Bldg.,  Buffalo,  N.  Y. 
March,  Harry  J.,  Mem., 

Assistant  Engineer,  Department  of  Public  Works, 

,,  ^  ^     .  13  City  Hall.  Buffalo,  N.  Y. 
Marsh,  George  E.,  Jun., 

Rod  and  Axeman.  Grade  Crossing  Commission, 

,,  _  108  Plymouth  avenue,  Buffalo,  N.  Y. 
iNlAREURG,    Louis,   AssOC, 

Contractor,  264  Hoyt  street,  Buffalo,  N.  Y. 
McCulloh,  Walter,  Mem., 

Private   Practice,  The  Arcade,   Niagara   Falls,   N.   Y. 
Meyer,  Carl,  Mem., 

Bridge  Engineer,  87  Ashland  avenue,  Buffalo,  N.  Y. 
Morse,  Charles  M.,  Mem., 

Deputy  Engineer  Commissioner,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Morse,  George  Frederick,  Mem., 

Civil  Engineer,  Muskogee,  I.  T. 
Mosier,  Charles,  Assoc, 

Contractor,  1266  Seneca  street,  Buffalo,  N.  Y. 

Murphy,  Daniel  P.,  Tun.,  ^,  ,      ,^    ,, 
Buffalo,    N.    Y. 

Neher,  Clarence  R.,  Mem., 

General  Manager,  Expanded   Metal   Co., 

305  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
Norton,  George  H.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

^  ,,  „     ,.  13  City  Hall,  Buffalo,  N.  Y. 
Patch,  Maurice  B.,  Mem., 

Buffalo  Smelting  Works,  i  Austin  street,  Buffalo,  N.  Y. 
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Rogers,  Thomas  J.,  Mem., 

Civil  Engineer.  Bureau  of  Water,  ̂ Municipal  Bldg.,  Buffalo,  N.  Y. 
RiCKER,  George  A.,  Mem., 

Private  Practice,  702  Ellicott  Square,  Buffalo,  N.  Y. 
Roberts,  George  T.,  Mem., 

Private  Practice,  400  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
SiKES,  George  R.,  Mem., 

Private  Practice,  895  Ellicott  Square,  Buffalo,  N.  Y. 

Smith,  Charles  M.,  Mem., 

Smith,  Reeves,  Mem., 
13  City  Hall,  Buffalo,  N.  Y. 

438  Prudential  Bldg.,  Buffalo,  N.  Y. 
SoRNBERGER,  Edwin  C,  Mem., 

Snow  Steam  Pump  Works,  208  Lancaster  avenue,  Buffalo,  N.  Y. 
Speyer,  Frank  N.,  Mem., 

Assistant  Engineer,  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,  N.  Y. 
Symons,  Thomas  W.,  Hon.  Mem., 

Colonel  Corps  of  Engineers,  U.  S.  Army,        Washington,  D.  C. 
Teiper,  Casper,  Mem., 

Member  of  firm,  Buffalo  Structural  Steel  Co., 

1 130  West  avenue,  Buffalo,  N.  Y''. Tresise,  Frank  J.,  Mem., 
Assistant  Engineer  with  Frank  V.  E.   Bardol, 

400  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
Thorn,  Alfred  W.,  Assoc, 

General  Manager,  Thorn  Cement  Co., 
118  Church  street,  Buffalo,  N.  Y. 

Throop,  Augustus  T.,  Mem., 

Private  Practice,  Erie  County  Bank  Bldg.,  Buffalo,  N.  Y. 

Vaux,  Frederick  J.,  Mem., 

Vaux  &  Co.,  Engineers,  Pearl  street,  Buffalo,  N.  Y. 
Wilson,  Thomas  Wm.,  Mem., 

Engineer  of  Way  and  Buildings,  Buffalo  Railway  and  Allied  Com- 
panies, Ellicott  Square,  Buffalo,  N.  Y. 

Witmer,  Joseph  F.,  Mem., 

Civil  Engineer.  2   Chapin   Block,   Buft'alo,   N.   Y. 
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liOuisiana  Engineering  Society. 

Anderson,  J.  C.,  Mem., 

Contracting  Manager,  American  Bridge  Co.  of  New  York, 
iioi  Hennen  Bldg.,  New  Orleans. 

Armstrong,  J.  W.,  Mem., 

Chief  Draughtsman,  New  Orleans  Sewerage  and  Water  Board, 
602  Carondelet  street,  New  Orleans. 

Benson,  Robt.  B.,  jNIem.. 

Assistant  Engineer,  New  Orleans  Sewerage  and  Water  Board, 

51  ID  Camp  street,  New  Orleans. 
Black,  A.  L.,  Mem.. 

Engineer.  New  Orleans  Railway  Co., 

319  Baronne  street,  New  Orleans. 
Brown,  L.  W.,  Mem., 

Civil    and    ̂ lechanical    Engineer, 

741  Carondelet  street,  New  Orleans. 
Chamberl.mn,  C.  H.,  Mem., 

Resident  Engineer,  Texas  and  Pacific  Railroad  Co.,       Boyce,  La. 

Coleman,  J.  F.,  Mem., 

Consulting  Engineer,  205  Hennen  Bldg.,  New  Orleans. 
Crotts,  Wm.  T.,  Mem., 

Principal  Assistant  Engineer,  New  Orleans  Sewerage  and  Water 
Board.  602   Carondelet   street,    New   Orleans. 

Camors,  Frederic,  Assoc.  Mem., 

Dredge  Contractor,  2328  Chestnut  street,   New   Orleans. 

Clegg,  Judge  Jno.,  Assoc.  Mem., 

Attorney-at-Law,  814  Hennen  Bldg.,  New  Orleans. 
Davis,  Chas.  Henry,  Mem., 

Consulting  Engineer,  25  Broad  street,  New  York,  N.  Y. 

D'Heur,  Allard,  Mem., 
Civil  Engineer  with  Southern  Pacific  Railroad  Co., 

Bakersfield,  Cal. 

De  Buys,  R.  E.,  Mem., 

Mechanical,  Electrical  and  Structural  Architect, 

421  Carondelet  street,  New  Orleans. 
Downmann,  Julian  R.,  Mem., 

Civil  Engineer,  Dealer  in  Louisiana  Red  Cypress  Lumber, 

501  Hennen  Bldg.,  New  Orleans. 
Duval,  A.  C,  Mem., 

Draughtsman,  Board  of  State  Engineers, 
Cotton  Exchange  Bldg.,  New  Orleans. 

Earl,  Geo.  G.,  Mem., 

General  Superintendent,  New  Orleans  Sewerage  and  Water  Board, 
602  Carondelet  street,  New  Orleans. 

Eastwood,  John  T.,  Mem., 

First  Assistant  Engineer,  Sewerage  and  Water  Board, 

602  Carondelet  street.  New  Orleans. 
Fowler,  Edward  A.,  Mem., 

Assistant  Engineer,  Sewerage  and  Water  Board, 
602  Carondelet  street,  New  Orleans. 

12 
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Flanagan,  P.  J.,  Assoc.  Mem., 

Building  Inspector,  City  Engineer's  Office,  New  Orleans. 
GoDCHAUX,  Jules,  Assoc.  Mem., 

Planter,  •  Raceland,  La. 
Hardee,  Will.  J.,  Mem., 

City   Engineer,  City   Hall,    New   Orleans. 
Harrod,  Maj.  B.  M.,  Mem., 

Civil   Engineer,    Fourth    Floor,    Cotton    Exchange,    New    Orleans. 

Haugh,  Jas.  C,  Mem., 
Resident  Engineer,  New  Orleans  and  Northeastern  Railroad  Co., 

Press  and  Levee  streets,  New  Orleans. 

Haygood,  Geo.  L.,  Mem., 
Assistant  City  Engineer,  City  Hall,  New  Orleans. 

Hoffman,  Walter  H.,  Mem., 
Secretary,  Board  of  State  Engineers, 

Cotton  Exchange  Bldg.,  New  Orleans. 
Hyatt,  E.  C, 

Ass'Stant  Engineer,  Drainage,  Sewerage  and  Water  Board, 
1430   Prytania   street.   New   Orleans. 

Ivy,  Ernest  D.,  Mem., 

Engineer  and  Agent,  Heine  Boiler  Co., 

Godchaux  Bldg.,  New  Orleans. 
Jahncke,  Ernest  Lee,  Mem., 

Superintendent,   Jahncke    Navigation    Co., 

816  Howai'd  avenue.  New  Orleans. 
Johnson,  Warren^  Mem., 

Architectural  Engineer  with  Johnson  Iron  Works, 

P.  O.  Drawer  241,  New  Orleans. 
Kerr,  Frank  M.,  Mem., 

Assistant  State  Engineer,  Cotton  Exchange  Bldg.,  New  Orleans. 
Kokosky,  Herman,  Mem., 

Engineering  Supplies,  157  Baronne  street,  New  Orleans. 
Klorer,  Jno.,  Mem., 

United  States  Assistant  Engineer, 

3232  Prytania   street.   New   Orleans. 
Lawes,  G.  W.,  Mem., 

Assistant  Draughtsman,  Board  of  State  Engineers, 

Cotton  Exchange  Bldg.,  New  Orleans. 
Lockett,  A.  M.,  Mem., 

Manager,  Babcock  &  Wilcox  Co., 

339  Carondelet  street.  New  Orleans. 
Lombard,  Gervais,  Mem., 

Engineer,  Orleans  Levee  Board, 

337  St.   Charles  street.  New  Orleans. 
Malochee,  H.  J.,  Mem., 

Mechanical  Engineer,  Glenny  &  Castanedo,  Machinery  Agents, 

815-17  Hennen  Bldg.,  New  Orleans. 
Marshal,  Wm.  D.,  Mem., 

Distributer  Gas,  New  Orleans  Lighting  Co., 

1643  Perdido  street.  New  Orleans. 
Manning,  Jos.  E.,  Assoc.  Mem.,    , 

Contractor,  306  Hennen  Bldg.,  New  Orleans. 
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MiDDLEMiss,  Geo.  A.,  Mem., 

Assistant  Engineer,  Sewerage  and  Water  Board, 

923  Philip  street,  New  Orleans. 
^Miller.  Thos.  D.,  Mem., 

Manager,  New  Orleans  Lighting  Co., 
corner  Baronne  and  Common  streets,  New  Orleans. 

McCoRKiNDALE,  Wji.,  !Mem., 

Mechanical  Engineer,  5340  Camp  street.  New  Orleans. 
McKiNNEY,  E.  B.,  Mem., 

Chief  Engineer,  New  Orleans  City  Railroad  Co.  Power  House, 

1322  Peters  avenue.   New  Orleans. 

McFarland,  Chas.  S.,  Mem., 

Civil  Engineer  and  Chemist,  Burnside,  La. 

Ordway,  John  M.,  Mem., 

Civil  Engineer,  3125  Chestnut  street,  New  Orleans. 

Perrilliat,  Arsene,  Mem., 

Assistant  State  Engineer,      Cotton  Exchange  Bldg.,  New  Orleans. 

PiTKix,  J.  L.,  Mem., 

Civil  Engineer  and  Chemist,  Superintendent  Lane  Cotton  Mills, 

Lane  Mills,  New  Orleans. 

Raymond,  Alfred,  Mem., 

General  Manager,  Sewerage  and  Water  Board,  Operating  Depart- 
ment, City  Hall,  New  Orleans. 

Richardson,  Maj.  H.  B.,  Mem., 

Chief  State  Engineer,  Cotton  Exchange  Bldg.,  New  Orleans. 
Richardson,  Jno.  F.,   Mem., 

First  Assistant  Engineer,  Water  Sewerage  and  Water  Board, 

602  Carondelet  street,  New  Orleans. 

Samson,  T.  H.,  Mem., 

New  Orleans  Wood  Preserving  Works, 

5008  Magazine  street.  New  Orleans. 
Stearns,  Henry  D.,  ̂ lem.. 

Secretary  and  Treasurer,  Johnson  Iron  Works, 

P.  O.  Drawer  241,  New  Orleans. 
Swart,  R..  Mem., 

City  Engineer,  Baton  Rouge,  La. 
Silvester,  Ira  W.,  Mem., 

City  Engineer,  Alexandria,  La. 
Theard,  Alfred  F.,  Mem., 

First  Assistant  Engineer,  Office  Sewerage  and  Water  Board, 

City  Hall,  New  Orleans. 
Tutwiler,  Thos.  H.,  Mem., 

Engineer  in  Charge,  Nashville  Railways  Co.,         Nashville,  Tenn. 
White,  W.  S.,  Mem., 

Engineer  in  Charge,  Hunter  Bros.  Canal  Co.,  Andrew,  La. 
Waddill,  F.  H.,  Mem., 

Civil  Engineer,  firm  of  Waddill  &  Daney, 

337  St.  Charles  street,  New  Orleans. 
White,  E.  P.,  Mem., 

Civil  Engineer  and  Contractor!*'    406  Hennen  Bldg.,  New  Orleans. 
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WiLLARD,  Ben.,  Mem., 

Electrical  Engineer  and  Manager,  General  Electric  Co., 

917  Hennen  Bldg.,  New  Orleans. 
WiLLOz,  Victor  L.,  Mem., 

Superintendent,  New  Orleans  Railwa3's  Co., 
319  Baronne  street,  New  Orleans. 

Wright,  W.  B.,  Mem., 

Division   Engineer,   Drainage   Sewerage  and  Water   Board, 

City  Hall,  New  Orleans. 
WiNDETT,  Victor,  Mem., 

Civil  Engineer,  firm  of  Dowdle  &  Windett, 

316  Hennen   Bldg.,  New  Orleans. 
Wood,  Chas.  W.,  Mem., 

Mechanical  Engineer,  Morris  Bldg.,  New  Orlean  = 
Zander,  Henry  L.,  Mem., 

Assistant  Engineer,  Sewerage  and  Water  Board, 

City  Hall,  New  Orleans. 
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